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1 EXECUTIVE SUMMARY 

The City of Palo Alto (City) owns and operates the Regional Water Quality Control Plant 
(RWQCP) providing wastewater treatment to the communities of East Palo Alto Sanitary 
District, Palo Alto, Mountain View, Los Altos, Los Altos Hills, and the Stanford University 
campus. The City, in collaboration with Santa Clara Valley Water District (District), is sponsoring 
various recycled water preliminary planning studies culminating in the Northwest County 
Recycled Water Strategic Plan. The feasibility of indirect potable reuse (I PR) of fully advanced- 
treated recycled water (purified recycled water), as well as expanded non-potable uses, are 
being assessed as part of the plan. This report includes an assessment of increased 
groundwater pumping to meet various percentages ofthe City’s 2020 demand as well as a 
technical evaluation of IPRfeasibility withintheCity; resultsfrom this reportwill subsequently 
be incorporated into the final Northwest County Recycled Water Strategic Plan. 

ThisassessmentincludedacharacterizationofthehydrogeologicconditionsintheCityand 
surrounding areas. An initial evaluation ofthe feasibility of increased pumping by the City was 
based on historical and contemporary groundwater balances forthe Study Area. Subsequently, 
groundwater modeling was conducted to refine the estimate of groundwater yield available to 
the City with and without managed aquifer recharge with purified recycled waterfrom the 
City’s RWQCP (i.e., IPR). 

The hydrogeologic setting ofthe Study Area (including East Palo Alto, Palo Alto, Mountain View, 
Stanford University, and portions of Menlo Park, Los Altos, Los Altos Hills, Atherton and 
Redwood City) includes portions ofthe San Mateo Plain Subbasin and Santa Clara Subbasin. 
There is no hydrogeologic boundary between these subbasins, which are divided mostly along 
San Francisquito Creek; however, the boundary also corresponds to the boundary between 
Santa Clara County and San Mateo County, representing a jurisdictional boundary. The Study 
Area adjoinsthe Niles Cone Subbasin to the northeast. The Study Area transitions from 
unconfined groundwater conditions near the foothills to increasingly confined conditions near 
San Francisco Bay, where clay layers are more prevalent. Subsurface materials in the Study 
Areas are composed of heterogeneous units with complex inter-fingering of fine- and coarse¬ 
grained layersand lenses. Asa resultofaquiferheterogeneity,wellyieldsand groundwater 
quality can vary significantly across the Study Area and with depth. 

Groundwater levels and flow have changed significantly over the history of development of the 
area. Between the nineteenth century and the early 1960s, significant groundwater pumping, 
mostly by the City, reduced groundwaterlevelstoalmost 150feetbelowsea level, resulting in 
land subsidence and a significantdownward vertical gradient between shallowand deep 
aquifers. In 1962, the City switched its source of supply from groundwaterto 100% Hetch- 
Hetchy (imported) water, and groundwater levels rapidly began recovering to pre-development 
levels. In addition, the Districtbegan imported waterand treated waterdeliveries in theSanta 
Clara Subbasin in the mid/late 1960s, and District customers reduced their groundwater usage 
which also likely influenced groundwater level recovery in the Santa Clara Subbasin. Currently, 
many deep wells in theconfined aquiferexhibitartesianconditionsand the verticalgradientis 
upward from the deep to shallow aquifer. 
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Natural groundwater quality in the Study Area varies spatially and with depth. Shallow 
groundwater tends to be similar in composition to recharge water (surface water, precipitation, 
imported water). Deeper groundwater varies in composition as a result of contact and 
residence time with formation sediments. In general, groundwater tends to be somewhat hard 
(i.e., high in calcium carbonate) with levelsof iron, manganese, and total dissolved solidsthat 
can exceed secondary maximum contaminant levels in some wells. Generally, groundwater in 
thearea is acceptable for both potableand irrigation uses; however, consumers would likely 
find untreated/unblended groundwater to be less aesthetically desirable when compared with 
Hetch-Hetchy water. 

Hyper-saline water in the shallow aquifer in the Palo Alto Baylands area also poses a threat to 
groundwater quality. High chloride concentrations are also found in some shallow and deep 
aquifer wells, which are the result of dissolution from marine deposits. 

There are a number of environmental contamination sites including Superfund sites in the 
StudyArea.Whilewaterquality impacts are limited to shallowdepths where confining layers 
are present, some sites in the unconfined area show contamination to depths greater than 150 
feet below ground surface (ft-bgs). Groundwater development and surface spreading 
operations mightaffectthe migration and containment of contamination plumes. Two City 
emergency supply wells (Fernando and Matadero) are located in close proximity to a significant 
solvent contamination plume with lowlevel contamination detected toa depth of about 100ft- 
bgs. 

AcomprehensivewaterbalanceoftheStudyAreawaspreparedforthis report. The water 
balance considered historical conditions and previously prepared water balances. All sources of 
inflow and outflow to and from the Study Area were quantified to provide a preliminary 
estimate of the potential yield available for City pumping. Two methods were applied to 
estimate available yield from the water balance information. One estimate assumed that some 
of the groundwater outflows to sewers, creeks, storm drains, tidal marshes, San Francisco Bay 
and Niles Cone could be captured by increased pumping without creating undesirable results. 
Only a portion of the potential yield can be so captured, butthe estimate provides a maximum 
value for preliminary discussion purposes. Those outflows were estimated to total 8,700 AFY. In 
fact, Palo Alto could pump only a portion of the estimated total yield because someoutflow— 
perhaps one-third of the existing outflow—is required for habitat protection and to prevent 
saline intrusion. In addition, some yield might need to be reserved for potential increased 
pumping by other purveyors in the Study Area. For preliminary planning purposes, it was 
assumed thatone-half of the yield available for pumping would be available to the City, or 
about 2,900 AFY. This amounts to about 24% of the City’s projected 2020 demand. 

A groundwater flow model originally developed for a District study of I PR feasibility in the San 
Jose-Santa Clara area was refined and recalibrated for evaluating IPRfeasibility in the Study 
Area. The model was used to assess the technical feasibility of various combinations of City 
pumping and IPR recharge. The model was used to assess the level of City pumping that could 
bedevelopedwithoutnegativeimpacts,assumingnolPR. The model-determined level of 
pumping was3,000AFY, which compared well with the2,900AFYestimated with thewater 
balance method. 
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General areas where surface spreading or injection of purified recycled water could occur based 
on hydrogeologicand regulatory considerationswere developed. Dueto the large land area 
required for recharge by surface spreading and the lack of suitable undeveloped sites, surface 
spreading wasdeemedinfeasibleand dropped fromfurtherevaluation.Preliminarygeneral 
locations for injection wells were identified based on proximity to existing City supply wells. 

Initially, five injection and City pumping scenarios were developed forfeasibility evaluation. 
Modeling was used to refine these general scenarios to specific pumping and injection locations 
and volumes as summarized in Table ES-1. 

Impacts criteria were developed to assess the feasibility of each scenario. Feasibility is based on 
evaluation of potential negative impacts related to aquifers and does notaddress costs. The 
quantitativecriteriaaddress the potentialforsalinewaterintrusionfromtheBay, subsidence, 
streamflowdepletion, and impactstoothernearby pumping wells dueto lowered waterlevels. 
Potential raising of shallow groundwater was also considered; however, because injection will 
notoccurin theshallowaquifer, no negative impacts are expected. Injection wellsare located 
in the confined portion of the Study Area limiting the potential for injected purified recycled 
water to migrate to the shallow aquifer. Groundwater modeling was applied to simulate 
groundwater levels and stream flowto assess the feasibility of each scenario with findings 
presented in Table ES-1. 

Scenario 4 was selected to be carried forward for development of an implementation strategy. 
Scenario 4 was selected because the purified water delivery volume was deemed conservative 
and achievable while still providing a substantial volumefor use, the injection wells are all 
located within City limits, costs for conveyance are lower compared with Scenario 2, it is 
technically feasible with no projected adverse impacts and more likely to be implemented 
compared with Scenario 2. The implementation strategy included identification of permitting, 
California Environmental Quality Act (CEQA), and regulatory requirements and costs for 
implementation. Capital costs for facilities needed to implement Scenario 4 are estimated to be 
$90.3 million with an annual operation and maintenance cost of $14.8 million, including District 
feesforextractinggroundwaterfrom the basin. Cost estimates reflecta Class 5 estimate as 
defined bytheAssociationfortheAdvancementofCost Engineering International (AACE) 
Recommended Practice No. 56R-08. Scenario 4 results will be incorporated into the Northwest 
County Recycled Water Strategic Plan for evaluation amongst other future water reuse 
expansion opportunities. 
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Table ES-1 Summary of Modeling Scenarios 


Scenarios 

Evaluation Criteria: yes - criteria met, no - criteria not met 


Scenario No. 

Description 

City Pumping 

Volume 

(AFY) a 

Indirect Potable 
Reuse (IPR) C Injection 
Volume (AFY) 

Criteria 1 - Saline 
Intrusion: 12-year 
running average 
groundwater levelsis 
not more than 10 

feet below sea level 

Criteria 2 - Saline Intrusion: 

Groundwater levels at 

locations between 
pumping well and the Bay 
are above sea level 
throughout period when 
water levels in pumping 
well are below sea level 

Criteria 3 - 

Subsidence: 
Sustained (12-year) 
groundwater 
elevations are 
greater than -40 feet 
mean sea level 

Criteria 4 - Streamflow 
Depletion: Streamflow 
depletion is <1 cubic foot per 
second and does not reduce 
steelhead passageopportunity 
by more than 10 percent in any 
3-year period. 

Criteria 5 - Impacts to 
Nearby Wells: 
Groundwater levels are not 

lowered to more than 70 
feet belowground surface 
for more than 3 
consecutive years. 

Comments 

0 

Baseline scenario. Goal is to model effects to the aquifer 
over the 30 year period from 2015-2044 at District-projected 
levels of pumping and recharge. 

0 

0 

Yes 

Yes 

Yes 

Yes 

Yes 


1 

Preliminary yield estimate. Goal is to determinethe operable 
City pumping over 30 years without IPR. This scenario is 
meant to refine the preliminary operable yield estimate of 
2,900 AFY determined in the groundwater assessment. 

3,000 

0 

Yes 

Yes 

Yes 

Yes 

Yes 

Feasible 

2 

Determine maximum operable yield with injection. Goal is 
to model groundwater augmentation with maximum 
potentially available purified water based on Palo Alto's 
existing recycled water allocation. This scenario will use 60% 
of the City's total projected 2020 water demand for the initial 
model run. 

7,200 

5,600 

No 

Yes 

Yes 

Yes 

Yes 

Generally feasible, 
recommend monitoring 
to confirm modeled 
groundwater levels 

3 

Realistic near-term scenario. Goal is to model using El 
Camino Park Well only to supply 20% of the City's projected 
2020 water demand, and determine if IPR is needed to 
supportthis scenario. El Camino Park Well istechnicallythe 
mostfeasiblelocationfor long-term groundwater production 
due to available storage, blending facilities, and space for 
treatment. 

2,400 

0 

No 

Yes 

Yes 

Yes 

Yes 

Generally feasible, 
recommend monitoring 
to confirm modeled 
groundwater levels 

4 

Reduced IPR. Goal is to model injection at a reduced level 
and at fewer locations to determine the operable City 
pumping level with 2,800 AFY injection. This scenario will use 
40% of the City's projected 2020 water demand for the initial 
model run. 

5,900 

2,800 

Yes 

Yes 

Yes 

Yes 

Yes 

Feasible, carry this 
selected scenario 

forward for travel time 
modeling 

5 

100% Demand. Goal is to model complete City dependence 
on groundwaterandtodeterminethe IPR volume neededto 
supportthis scenario. Pumping is set at 100% of the City's 
projected 2020 demand. 

12,000 

8,400 

No 

No 

No 

No 

Yes 

Infeasible, would need 
more than 8,400 AFY of 
Injection 


AFY Acre-feet per year 

a Pumping volumesare in addition to the study area outputs determined in the Groundwater Assessment, such as groundwater supply pumping and construction dewatering 
b Total projected 2020 water demand for Palo Alto is 12,000 acre feet based on the City's Urban Water Master Plan 
c IPR =- Indirect potable reuse; groundwater augmentation with purified water (highly treated wastewater) via injection wells 

* Matadero and Fernando wells are not considered in Scenarios 2 through 5 due to their proximity to known groundwater contamination, distance from injection wells, and ability of remaining wells to provide needed capacity 
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Recommended Actions Prior to Future Implementation of IPR 

• If the City moves forward with IPR, additional site-specific studies should beconducted 
to refine recharge scenarios to better assess recharge rates, number of injection wells, 
refined parcel injection well sites; identify required monitoring well locations; determine 
potential for dissolution of naturally-occurring constituents; and determine overall 
project costs. 

• Once accurate injection well locations are identified, it is recommended that the District 
review other databases to more accurately define groundwater use category and status 
of nearby existing wells. Well owners should be contacted to confirm the usesforthe 
pumped groundwater. Ifdomesticpotablesupplywellsarefound to be located within 
the RRT, the injection wells could be re-located ornegotiationsundertakentodestroy 
the domestic well. 

• Once accurate injection well locations are identified and RRT confirmed or modified, 
groundwater modeling should be conducted to verify adequate subsurface residence 
time to meet regulatory requirements. 

• The City/District should begin a process of information exchange with the DDW and 
SFRWQCB regarding IPR plans. 

• DWSAP reports should be conducted foreach planned pumping well to assess potential 
local environmental contamination sources. 

• It is recommended that if Scenario 3 - pumping the El Camino Park Well at 2,400 AFY 
with no IPR-is implemented, thata sentry well be installed between the well and the 
Bay oran existing well(s) be identified to monitorfor potential saline water intrusion. 

• If IPR is implemented, the City should resample for a complete suite of water quality 
constituents in all City wells pumped prior to IPR implementation. 

• An updated review of environmental site contamination should be performed prior to 
IPR implementation. 

Several recommendations are made to improve hydrogeologic understand ingin the Study Area 
including recommendations to refine information of groundwater levels & flow, aquifer 
parameters, ambient groundwater quality, environmental release site contamination, shallow 
saline water intrusion and sea level rise, subsidence, and production wells. 
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2 INTRODUCTION 

The City of Palo Alto (City) owns and operates the Regional Water Quality Control Plant 
(RWQCP) providing wastewatertreatmentforthe communities of East Palo Alto Sanitary 
District, Palo Alto, Mountain View, Los Altos, Los Altos Hills, and the Stanford University 
campus. The City in collaboration with Santa Clara Valley Water District (District) is sponsoring 
various recycled water preliminary planning studies culminating in the Northwest County 
Recycled WaterStrategicPIan. Thefeasibilityofrecycledwaterdirectandindirectpotable 
reuse (as well as expanded non-potable uses) are being assessed as part of the plan. 

One component of that work is an assessment of potential increased groundwater pumping by 
the City. Currently, the City typically receives 100% of its water supply from imported water 
purchased from the San Francisco Public Utilities Commission (SFPUC), which is predominantly 
delivered through the Hetch-Hetchy aqueduct system. In addition, the City has eight 
groundwater wells and a 2.5 million gallon (mg) underground water reservoir and pump station 
to meet emergency water supply and storage needs. While SFPUC supplies are adequate in 
normalyearsandbetterqualitythangroundwater,theyareinadequateduringdroughtyears. 
Groundwater supplies are also stressed during drought periods. Moreover, circumstances could 
change in the future such that increased reliance on groundwater supplies might be warranted. 
Accordingly, theCity wishes toevaluatethefeasibility of increasing groundwaterpumping by 
the City. 

Thefeasibility and potential impacts of increased pumping and Indirect Potable Reuse (IPR) 
scenarios were evaluated through application of a groundwaterflow model. One scenario was 
selected fordevelopmentofan implementation strategy and subsequent inclusion into the 
final Northwest County Recycled Water Strategic Plan. 

2.1 Study Objectives 

The objective of the Northwest County IPR Feasibility Study is to compile and analyze baseline 
information on the currentconditionofgroundwaterresources in northwestern SantaClara 
County and adjacentareas, including sourcesandquantitiesofrecharge, groundwater 
pumping, and water quality. This information is used to evaluate whether increased 
groundwater utilization by the City is viable, and if so, to evaluate thefeasibility of IPR of 
purified recycled water. IPR typically involves surface spreading basins or subsurface injection 
wells. 

The Groundwater Use Assessment is a subtask of the Northwest County IPR Feasibility Study 
focused on assessment of increased groundwater use by the City to meet various percentages 
of its waterdemand and identification ofthe infrastructure needed to meetdemands at each 
level. The potential adverse impacts of increased pumping are assessed including excessive 
drawdown in nearby wells, land subsidence, saline water intrusion, depletion of surface water, 
regional groundwater overdraft (including adverse effects on adjacent subbasins), and 
migration of environmental contaminants into supply wells. Adetailed groundwater water 
balance was prepared to support thefeasibility assessmentof increased pumping. This 
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assessment also included characterization of hydrogeologic conditions with a critical 
reexamination of the existing hydrogeologic conceptualization. 

A feasibility evaluation was conducted to assess five increased City pumping/IPR scenarios 
through use of a refined and recalibrated groundwaterflow model of the local Study Area. 
Criteria were developed to assess the feasibility of each scenario and one scenario was selected 
fordevelopmentofan implementation strategy. The implementation strategy describes the 
requirements for permitting, CEQA, and regulatory compliance; and estimated costs for 
implementation. 
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3 GROUNDWATER USE ASSESSMENT 

3.1 Palo Alto Emergency Supply Wells 

The City owns eight emergency supply wells including Hale, Rinconada, Peers Park, Fernando, 
Matadero, Eleanor Pardee, Main Library, and El Camino Park. Five are older wells constructed in 
the 1950s and three are newer wells constructed between 2009 and 2013. Table 3-1 provides 
the well construction and performance information. All of the wells are screened in both the 
shallowaquifer(lessthan200ft-belowground surface [bgs]) and deep aquifer(greaterthan 
200 ft-bgs). The well capacities vary from 600 to 3,300 gallons per minute (gpm), which is 
consistent with observed variability in aquifer properties. The total capacity of all wells is 
11,300gpm or 18,227 acre-feet peryear(AFY), which is more than the City’s waterdemand 
projection for 2020 of 12,000 acre-feet (AF). The City’s demand projections decrease after 2020 
to 11,000 AF in 2040 (SCVWD, 2016a). Therefore, in order, for example, to meet25,50, or 
100% of the City’s 2020 demand, groundwater would need to provide 3,000,6,000, or 12,000 
AFY, respectively. 

3.2 Hydrogeologic Conceptual Model 

3.2.1 Hydrogeologic Study Area 

To support groundwater flow modeling, the hydrogeologic study area (Study Area) needs to be 
large enough to accountfor modeled inflows and outflows and potential boundary effects. 
Therefore, the Study Area includes East Palo Alto and portions of the cities of Menlo Park, 
Atherton and Redwood City in the San Mateo Plain Groundwater Subbasin as well as Mountain 
ViewandtheStanford University campusand portionsofthecitiesofPaloAlto,LosAltosand 
Los Altos Hills in the Santa Clara Subbasin. This 93-square-mile area wasdefined so that 
groundwater modeling can simulate increased pumping in these areas and potential impacts on 
those areas of increased pumping by the City. The Study Area also extends offshore in order to 
simulate the influenceofseawaterlevelriseandaquifersysteminflowsandoutflowsfrom and 
to San Francisco Bay (Bay), and to consider interactions with Niles Cone Subbasin. In addition, 
for purposes of the water balance estimates, hydrogeologic conditions in the creek upland 
watersheds may be considered for ungaged creeks although these areas are not within the 
groundwaterflow model domain. Figure 3-1 shows the Study Area, the RWQCP service area, 
and the upland watershed area, while the inset map shows the Department of Water Resources 
(DWR) defined subbasins including the Santa Clara, San Mateo Plain, Niles Cone, and East Bay 
Plain subbasins of the greater Santa Clara Valley Basin. The Study Area includes portions of the 
Santa Clara and San Mateo Plain Subbasins; the boundary between the two subbasins is not a 
hydrogeologic boundary and groundwater can flow between the two subbasins. 
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Table 3-1 City of Palo Alto Emergency Supply Well Construction and Performance Information 


Well 

Hale 

Rinconada 

Peers Park 

Fernando 

Matadero 

El Camino 

Park 

Eleanor 

Pardee 

Library 

Installation Date 

1958 

1954 

1958 

1954 

1956 

2013 

2009 

2010 

Drilling Method 

Rotary 

Rotary 

Rotary 

Rotary 

Rotary 

Rotary 

Rotary 

Rotary 

Casing Diameter (in) 

14 

14 

14 

14 

14 

16 

18 

18 

Total Depth Drilled (ft-bgs) 

935 

1,080 

950 

1,179 

1,186 

500 

460 

545 

Bedrock Encountered (ft-bgs) 

927 

895 

NE 

1,178 

1,066 

NE 

NE 

NE 

Casing Depth (ft) 

840 

540 a 

850 

1,020 

1,066 

290 

440 

525 

Seal Depth (ft-bgs) 

100 

140 

102 

91 

60 

145 

150 

150 

Filter Pack Interval (ft-bgs) 

100-840 

140-540 

102-850 

91-1,020 

60-1,066 

145-290 

150-440 

150-525 

Screen Interval(s) (ft-bgs) 

multiple 

intervals 

between 108 

and 828 

multiple 

intervals 

between 150 
to 890; 150 to 
540 after 
backfilling 

150-320 

350-845 

NA 

presumed to 
be 100-1,020 

142-1,066 

152-174 

204-280 

160-280 

300-340 

360-440 

165-285 

305-525 

Specific Capacity (gpm/ft) 

10.5 

24.4 

12.0 

2.8 

3.2 

51.1 

5.9 

2.1 

Well Capacity (gpm) 

1,450 

3,300 

1,700 

700 

700 

1,850 

1,000 

600 

Aquifer screened 

S/D 

S/D 

S/D 

S/D 

S/D 

S/D 

S/D 

S/D 


a - Rinconada casing original depth 900 feet, but reported backfilled to 540 ft 

ft - feet NA- information not available 

in-inches NE - not encountered 

bgs - belowground surface S - shallow aquifer (less than 200 ft-bgs) 

gpm-gallons per minute D-deepaquifer(greaterthan200ft-bgs) 

gpm/ft - gallons per minute per foot of drawdown 
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3.2.2 Topography and Natural Features 

The Santa Clara Valley Basin, which includes the Santa Clara, San Mateo Plain, East Bay Plain, 
and Niles Cone Subbasins, occupies an elongated trough between the Diablo Range on the east 
and the Santa Cruz Mountainson the west. The valley and upland areas trend in southeast- 
northwest directions. 

The local Study Area is located along the eastern edge of the San Francisco Peninsula between 
San Francisco Bay and the Santa Cruz Mountains. The Santa Clara and San Mateo Subbasins 
consists ofsemi-consolidatedsedimentsoftheSanta Clara Formation along the subbasin edges 
and unconsolidated alluvial/fluvial sediments underneath a northeastward sloping plain. A 
broad band offlat intertidal marshland is presentalong the Bay Shore, reflecting the gradual 
rise in sea level since the last ice age. T o the southwest of the groundwater subbasins, bedrock 
hills of the Santa Cruz Mountains ascend to the west. 

All surface features visibletoday in thegroundwatersubbasinsare the resultofactive stream 
erosion and deposition. The streams have deposited debris as alluvial fans and outwash plains. 
The most prominent alluvial fan in the Study Area was deposited by San Francisquito Creek and 
is referred to as the San Francisquito Cone. 

The easternmost ridge of the Coast Rangesfollows the east side ofthe San Andreas Fault and 
has crest elevations generally 500-700 feet above sea level (ft-msl). In the Palo Alto area, the 
bedrock hills slope downward to the northeast. The alluvial subbasin slopes gently to the 
northeast from about200 ft-msl atthe base ofthe foothills to about20ft-msl near Highway 
101 . 


3.2.3 Climate 

The climate in the StudyArea is Mediterranean, with wetwinters and dry summers. Average 
annual precipitation increases from about 14 inches per year (in/yr) atthe Bay shoreline to 
about42 in/yr along the crest of the main Coast Range ridge. Figure 3-2 is an isohyetal map 
showing contours of average annual precipitation (Rantz, 1971). Twootherisohyetal maps 
were reviewed forthis study (Rantz, 1969; SCVWD, 1989), and were less consistent with local 
rain gage data and less realisticin delineating the effect of mountainson rainfall distribution. 
Based on 85 years of precipitation records from Redwood City, the lowest annual rainfall during 
the period from 1931 to2016 was 7.28 inches in wateryear 1976, and the highest was42.19 
inches in 1983. A water year is the period from October 1 through September 30 of the 
following year. Precipitation in the Study Area falls almost exclusively as rain, and on average 
85% of annual rainfall occurs during November through March. 

Maximum airtemperaturesaverage81 degrees Fahrenheit(°F) in July through August, and 
minimum air temperatures average 40°F in December through January. The diurnal 
temperature range is 19°F in mid-winter increasing to 25°F in mid-summer. Temperature is one 
of several factors that determine the evaporative demand and the consumptive use of water by 
plants for transpiration. Evapotranspiration (ET) is the variable that specifically indicates plant 
water requirements and is derived from solar radiation, air temperature, wind speed and 
relative humidity. Reference evapotranspiration (ETo) is based on an extensive well-watered 
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turf. The California Irrigation Management Information System (CIMIS) operates several 
hundred climatestationsthroughoutCaliforniaandrecordsdailyEToinanon-linedatabase 
( http://wwwcimis.water.ca.gov/ ). ETo is one of the variables used in the water balance analysis 
forthis study to simulate groundwater recharge and irrigation demand. By correlation with 
CIMISstationsinFremont,UnionCityandSanJose,acompleterecordofdailyEToforwater 
years 1987-2015 was constructed, which is representative of conditions in the Bay plain portion 
of the Study Area. The spatial pattern of ETo in the Study Area is complex because of cool 
marineairandfogwestofthe Coast Range ridgeand a smallermarine influence nearSan 
Francisco Bay. The statewide map of ETo zones developed by CIMIS shows the Study Area in 
Zone 8 and higher elevations along the Coast Ranges in Zone 3. By using the ratios of average 
monthly ETo for the two zones, a daily time series of ETo in the upper elevations of the 
watersheds was developed. 

3.2.4 Watersheds and Surface Water Features 

The upland watersheds and creeks, channels, and arroyos draining the Study Area are shown in 
Figure 3-3. The watershed boundaries were delineated by the Oakland Museum of California 
(Sowers, 2004;Tilleryetal. ,2007). Many ofthe creek channels have been straightened and 
lined with concrete where they cross the groundwater subbasins, which limits the interaction of 
surface waterand groundwater. Creeks draining the Study Area include, from southeastto 
northwest: Stevens Creek; Hale Creek, a tributary of Permanente Creek; Adobe Creek and its 
tributary Barron Creek, Matadero Creek, San Francisquito Creek; Atherton Channel (or Creek); 
and Redwood Creek and its tributary Arroyo Ojo de Agua. Creeks with natural unlined stretches 
that can potentially directly recharge the groundwater subbasins include Stevens, Permanente, 
Hale, Adobe, Barron, Mataderoand San FrancisquitoCreek.LakeLagunitaontheStanford 
campus has been a source of recharge to groundwater. 

San Francisquito Creek has the largest watershed (45 square miles (mi 2 )) of creeks draining the 
Study Area and is the only riparian, unchannelized urban creek on the south Peninsula 
(Rofougaran et al., 2005) and thus has environmental significance. It is a documented source of 
recharge to both shallowand deep aquifers (Metzger, 2002; Newhouse, 2004). Metzger 
estimated recharge to groundwater from the creektotaling about 950 AFY during an average 
yearwith thegreatest losses between the San Mateo Drive bike path and Middlefield Road. 
Waterquality data indicate thatthe creek receives urban runoff in its lower reaches. Surface 
water in the creek and shallowand upper deep groundwater near the creek in its upper reaches 
nearthefoothillshavesimilarwaterquality indicating rechargefromthecreek. Along the lower 
stretches of the creek, groundwaterquality in the shallowand deep aquifers shows greater 
differences due to more extensive clay layers separating the aquifers (Metzger, 2002). Flooding 
in the lower reaches of San Francisquito Creek has been a problem, and the flood of 1998 led to 
theformation ofthe San Francisquito Creek Joint Powers Authority, which is implementing 
measures to reduce flood damage (among other improvements). 

The Baylands exist along the Bayfront between the lines of high and low tide. They are the 
landstouched by the tides, plusthelandsthatthetides would touch in theabsenceofany 
levees or other unnatural structures. 
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Larger man-made lakes in the Study Area include Lake Lagunita and Shoreline Lake. Lake 
Lagunita on the Stanford Campus was created in the 1870s as a reservoir to provide irrigation 
for the Palo Alto Stock Farm. Stanford previously diverted water to Lake Lagunita for 
recreational purposes; however, since 2001 the University has filled the lake exclusively to 
support the well-being of the California tiger salamander population, an endangered species. 
Whilefilled atits peak height, Lake Lagunita lostan estimated 500gallonsa minute (gpm)to 
percolation to groundwater (The Stanford Daily, 2012). These losses provide an indication of 
recharge potential within the alluvial recharge area of the Study Area. 

3.2.5 Land Use 

A map of Study Area land uses is shown as Figure 3-4. Forthe purpose ofwater balance 
analysis, land uses in the Study Area and tributary watershed areas were delineated on the 
basis of variables relevant to hydrology: impervious area, irrigated area, vegetation type, and 
the density ofwater and sewer pipe networks. Eleven land use categories were used: four types 
of natural cover (riparian, grassland, brush, and trees), three types of residential (rural, "typical" 
urban and "lush" - the latter classification includes larger lots and more irrigation), large 
irrigated turf areas (golf courses, cemeteriesand some parks), commercial, industrial, and 
vacant. Delineation was accomplished through visual inspection of seamless, georeferenced 
high-resolution aerial imagery (National Agricultural Imagery Program, 2010). Supplemental 
corroboration of variations in impervious cover was obtained by comparing the photos with the 
2011 National Land CoverDatabaserasterimageofpercentimperviouscover(Homeretal., 
2015). 

As shown on Figure 3-4, land use in the Study Area is almost entirely urban; the Study Area has 
been developed for many decades. Parts of the historical tidal marshes were diked, filled and 
converted to urban uses as early as 1873, which was the date of the earliest detailed and 
reliable topographic map (State Geological Survey of California, 1873). Even today, however, 
large areas remain as marshes or salt evaporation ponds. Residential land uses extend 
westward from the coastal plain into the uplands parts of the local watersheds. 

Figure 3-5 shows the city boundaries within the Hydrogeologic Study Area and RWQCP Service 
Area. TheStudyArea includes the citiesof Mountain Viewand East Palo Alto; portionsofthe 
citiesof Palo Alto, Menlo Park, Los Altos, Los Alto Hills, Redwood City, and Atherton; some 
unincorporated areas; Stanford University, and part of the Moffett Federal Airfield. 

3.2.6 Geology 

3.2.6.1 Structural Setting 

The Study Area and upland contributing watersheds are located in the Coast Range 
Physiographic Province, a region characterized by northwest-trending faults, mountain ranges, 
and valleys. Lateral movementalong the San Andreas, Hayward, and Calaverasfaultsand down 
warping of the area between thefaultzones formed a structural trough occupied by the San 
Francisco Bay (DWR, 1967). During the Pleistocene, the San Francisco Baydepression became 
connected to the Pacific Ocean during four inter-glacial episodes. Sea level rise increased the 
base level of streams resulting in deposition of silt and clay within the Bay. As sea level 
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declined, the base level fell and streams draining the mountains eroded channels into the silts 
and clays and laid down coarser material such as sands and gravels (Fio and Leighton, 1995). 

Figure 3-6 is a map of the geologic units present at the ground surface in the vicinity of the 
Study Area (Brabb, et a I ., 2000; California Department of Conservation, 2010) and Figure 3-7 is 
a geologic explanation of the geologic units. Younger rocks of upper Pliocene and lower 
Pliocene Santa Clara Formation and overlying Pleistocene and Holocene age unconsolidated 
alluvial and fluvial deposits make up the groundwater subbasins. Bedrock crops out in the hills 
to the southwest ofthesubbasins and underlies the alluvial andfluvial deposits. The bedrock 
surface beneath the subbasin deposits has been mapped based on well logs and geophysical 
studies (Oliver, 1980; Wentworth et al., 2015) as shown in Figure 3-8. The thickness of subbasin 
depositsgenerallyincreasestothesoutheastalongthePeninsulafromaboutlOOfeetunder 
Sequoia High School in Redwood City to more than 700feetattheUSGSLeland well in Menlo 
Park to more than 1,100 feet at the City’s Fernando and Matadero wells. Other well logs 
indicate the depth to bedrock beneath the Stanford Campus is greater than 600 feet, more than 
500 feet nearthe City’s Main Library well, greater than 900 feet at the Hale well and nearthe 
Eleanor Pardee well, greaterthan950feetatthe Peers Parkwell, and more than 1,000feetat 
the City’s Rinconada well. The bedrock surface dips more steeply near the base of the foothills. 
There isa700to more than 900-feet ofalluvium in a trough in the bedrocksurface beneath San 
Francisquito Creek. The trough is interpreted as either erosion of a stream that predates recent 
alluvialfandepositionorafault-relatedstructurallow(Oliver, 1990). The maximum depthsof 
alluvial deposits in the Santa Clara Valley are in excess of 1,500feet. There is also a trough in 
the bedrock running east and roughly perpendicular to the creek. 

Figure 3-6 shows the Pulgas Fault running northwest to southeast crossing nearthe boundary 
between alluvial/fluvial depositsand bedrock in the Atherton, Menlo Parkand PaloAltoarea. 
The Pulgas Faultisthe largestfaultinthegroundwatersubbasin portion oftheStudyArea.Itis 
a southwest-dipping reversefault separating partly consolidated to consolidated bedrock 
assemblages (including the Santa Clara Formation) from the younger unconsolidated alluvium 
(Pampeyan, 1993). Inthesouthernarea of PaloAlto,anotherfault, referred toasthe Hanover 
Fault by Pampeyan (1993) is mapped just northeastand parallel to the Pulgas Fault. The Pulgas 
Fault cuts the Santa Clara Formation with reported displacement of approximately 60 to 80 feet 
but no displacement of overlying alluvium (Brown and Caldwell, 1994). Brabb and Olsen (1986) 
reported that the Hanover Fault possibly also cuts Holocene alluvium. 

Faults canform barriers or conduits affecting groundwaterflow. Faulting in the Santa Clara 
Formation and alluvial recharge areas is a consideration in siting surface I PR recharge facilities. 
Figure 3-9 shows the Pulgas and Hanover faults and other small mapped faults in the recharge 
area intheCity of Palo Alto where surface rechargefacilities could be sited. If the faults act as 
barriers to groundwater flow, surface recharge facilities southwest of the faults may not benefit 
the regional water supply aquifer leaving a relatively small area available to site surface 
rechargefacilities northeast of the Hanover Fault. The existing groundwater level data are 
insufficient to show the potential influence of these two faults on groundwater flow in the 
areas where surface spreading is potentially possible (i.e., within the City boundaries in the 
recharge area). Where the Pulgas Fault crosses San Francisquito Creek, it separates partly 
consolidated and consolidated bedrock assemblages on the southwestfrom younger 
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unconsolidated alluvium on the northeast (Pampeyan, 1993). A series of five San Francisquito 
seepage runs conducted between April 1996 and May 1997 indicated that losses in San 
Francisquito Creek were negligible until it crossed the Pulgas Fault at Sand Hill Road. Therefore, 
the PulgasFaultmay impede subsurface flow between thefoothills and the alluvialfan in this 
area (Metzger, 2002). Further to the southeast, where the fault crosses the Santa Clara 
Formation, itoffsetsmassivelyfolded consolidated tosemi-consolidatedbedrockunits.ltis 
concluded thatthe Pulgas Fault is likely a barriertogroundwaterflowin this area and surface 
recharge facilities are not recommended southwest of the fault. Hydrogeologic cross sections 
presented in Section 3.2.7.1 showthatthe Hanover Faultonly offsets alluvial bedsatdepth, 
and therefore, is not thought to be a barrier to groundwater flow in the upper aquifer, where 
surface recharge facilities would recharge the uppermost aquifer. 

Acomplexthrustfaulted area (Berrocol Fault) isshown in the uplands above theSantaClara 
Formation (Figure 3-6). The San Andreas Fault represents the major fault system in the area 
with large late Tertiary right-lateral offsets. Based on geophysical work, Oliver (1990) suggested 
the possibility of two additional faults (not shown here): the Atherton Fault extending from 
Arroyo OjodeAgua in Redwood City toSan Francisquito Creekin Palo Altoand a northeast- 
southwest trending fault in the area of San Francisquito Creek (San Francisquito Fault), 
perpendicular to the dominant fault system orientation. 

3.2.6.2 Geologic Units 

The Santa Cruz Mountains located southwest of the subbasins are composed of older 
consolidated sedimentary and igneous rocks, where groundwater storage and flow are 
generally limited to fractures. Surface streams have flowed from the mountains and deposited 
sedimentary debris as alluvial fans and flood plains. These alluvial deposits compose the major 
aquifers of the region. Figure 3-6 shows the geologic units identified in the vicinity of the Study 
Area. 

The bedrock formations within the Santa Cruz Mountain watersheds draining to the Study Area 
includeseveralCretaceous(around65to140millionyears)toTertiary rock types, including 
melange (predominantly greywacke sandstone, siltstone and shale), greenstone including 
altered basaltic rocks, greenish-grey to bluish-green serpentinite, and chert and shale. These 
formations have been lithified and altered overgeologictimetothedegreethatthey have very 
little original or primary porosity or permeability. However, secondary fractures in these rocks 
contain limited amounts of groundwater. 

The principalgroundwater-bearingformationsofthesubbasinsare unconsolidated tosemi- 
consolidated Quaternary-aged (less than 2 million years) alluvium composed of gravel, sand, silt 
and clay. The alluvium present within the Study Area originated primarily from erosion of the 
rocks in the Santa Cruz Mountains, and transportation of sediment via streams and deposition 
as alluvial/fluvial sedimentary deposits. Sediments from the East Bay (Niles Cone and Alameda 
Creek) have been transported and deposited beneath the Bay and possibly near the Study Area 
Bayfrontand interfingered with sedimentary layers originating from the west, especially under 
San Francisco Bay. During the Pleistocene, rising andfalling sea levels caused alternating 
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periods of continental (alluvial) and marine (bay) sediments, resulting in deposition ofcoarse- 
and fine-grained sediments. 

The Quaternary alluvium formations mapped on Figure 3-6 represent the upper portions of the 
alluvial aquifer and roughly correspond to the basin boundaries (Figure 3-1 ). Groundwater is 
also present in the older Santa Clara Formation of Plio-Pleistocene age cropping out along the 
edgeofthesubbasins. Once thoughtto underlie much ofthegroundwatersubbasins, recent 
studies conclude that the Santa Clara Formation is not present beneath the alluvial basin 
deposits (Hansen, 2015). The Santa Clara Formation is composed of poorly indurated 
conglomerate, massively-bedded sandstone, and mudstone. Iwamura( 1980) characterized the 
Santa Clara Formation as non-water bearing and containing few aquifers and lowflows while 
Fio and Leighton (1995) stated thatthe Santa Clara Formation in the upland area can be an 
important area for recharge to the deeper aquifers in the downslope valley areas. 
Characterizing the permeability of the Santa Clara Formation is important in assessing siting of 
surface recharge I PRfacilities in thisformation and is discussed in subsequent sections. 

3.2.7 Hydrogeology 

The Study Area subbasins cover approximately 76 square miles and are bounded by the Santa 
Cruz Mountains on the southwest, the remainder of the San Mateo Plain Subbasin (DWR basin 
number2-9.03)on the northwest, the remainder of Santa Clara Subbasin (DWR basin number 
2-9.02) to the southeast, and San Francisco Bay and the Niles Cone Subbasin (DWR basin 
number 2-9.01) on the northeast (see Figure 3-1 ). San Francisquito Creek forms most of the 
boundary between the San Mateo Plain Subbasin and the Santa Clara Subbasin. 

There is no hydrogeologicseparation between the San Mateo Plain and the Santa Clara 
Subbasins; groundwatermayflowacross this boundary based on recharge, pumping and 
groundwaterflowpatterns. Thedegreeofhydrauliccontinuity between theSan Mateo Plain 
and Santa Clara Subbasinsand the Niles Cone Subbasin isless certain. DWR(1967)concluded 
that connectivity was indicated in the vicinity ofthe Dumbarton Bridge but notfurthersouth in 
the San Francisquito Cone area. Permeable aquiferzones in both the Study Area subbasins and 
Niles Cone Subbasin appear to thin as they approach the Study Area Bayfront, and some sand 
zones appear to pinch out near and beneath the Bay. This may indicate that the aquifer 
transmissivity and connectivity is limited to certain relatively thick and continuous aquifer 
zones. Some degree of connection was indicated based on the results of a pumping test 
conducted by DWR in 1963. During this test, wells located nearthe western landing ofthe 
Dumbarton Bridge were pumped atacombined rate of580gpmfora period of eightdays, and 
drawdown of 3 feet was observed in a well located in the middle ofthe Bay (DWR, 1967). 
However, another pumping test conducted in the City’s Hale well in 1963 showed different 
results. The well was pumped at more than 1,000 gpm while drawdown effects were monitored 
in seven observation wells in thesurrounding area. Because theextentofdrawdown from the 
pumping well was not extensive, DWR concluded thatgroundwaterconditionsintheSan 
Francisquito subarea are considerably less confined thatthose beneath San Francisco Bay in the 
Niles Cone. DWR(1967)also concluded basedon the pumpingtest results in both the Niles 
Cone and the San Francisquito Cone areas, that below a depth of 180 feet there is little 
movement of ground water between the two subareas. The differing results of the two tests 
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suggest less connection between the subareas in the Palo Alto area than further north; this 
could reflect the high clay content of the distal ends of the respective alluvial fans. 

The Santa Clara Subbasin portion of the Study Area is characterized as including an unconfined 
aquifer (or recharge area) system near the foothills and a shallow unconfined and deep 
confined (also referred to as pressure zone) system in the northeast where more extensive clay 
deposits form aquitards or confining layers. Figure 3-2 shows the Santa Clara Subbasin confined 
and recharge areas with different colors and stippling. The recharge area is comprised of the 
Santa Clara Formation and alluvial deposits (shown with different color stippling). The confined 
area is composed of alluvium. The boundary between confined and recharge areas in the San 
Mateo Plain Subbasin has not been defined in the literature, so the San Mateo Subbasin is 
shown by one color without differentiation of confined and recharge areas. The confined 
aquifers are overlain by relatively impervious strata and contain confined water exhibiting 
pressure characteristics (i.e., artesian water levelsor water levels in orabove the confining 
units). The aquifer systems are replenished by percolating rainfall, irrigation water, stream flow, 
surface water (lakes, ponds, and recharge basins), and sub-surface inflow. The recharge areas 
also supply inflow to the confined areas by underflow (SWRCB, 1955). 

The State Water Resources Control Board (SWRCB, 1955) used several geologic and 
hydrogeologic criteria to delimit the boundary between confined and unconfined areas 
including patterns of groundwater level change, artesian conditions, and extent of subsidence. 

Currently groundwaterflow within the Study Area is generally from southwestto northeast, 
from the edgeofthe Santa Cruz Mountains toward San Francisco Bay. Historically, during 
periods of high groundwater pumping and priorto the importation of water to the area, there 
was inland groundwaterflowand ground subsidence associated with lowered groundwater 
levels. Groundwater is present in both the Santa Clara Formation and the Quaternary alluvial 
deposits, although Quaternary alluvium is the primary water bearing formation (DWR, 2004). In 
general, based on the depth to bedrock and theground surface elevation, the alluvium is 
thinner near the foothills and thinner in the northwestern portion of the Study Area and 
thickens towards San Francisco Bay and to the southeast. 

Various alluvialfan structures were deposited bystreams draining the uplands. The most 
significant and most studied alluvialfan was deposited in the central area of the Study Area by 
San Francisquito Creek and is most commonly known asthe San Francisquito Cone. The San 
FrancisquitoConeor Alluvial Fan area has been depicted differently by different authors as 
shown in Figure 3-10. The DWR (1967) San Francisquito Creek Alluvial Fan area as modified by 
Metzger (2002) is shown in the figure. Killingsworth and Hyde (1932) and Sokol (1964) used a 
different area for water balances described in Section 3.4. The Sokol (1964) San Francisquito 
Creek Alluvial Fan, also referred toas the San Francisquito Creek Basin, isalso shown on Figure 
3-10. Figure 3-10 also shows the locations of the City’s emergency supply wells relative to the 
Cone. 

Othercreeksthatdrain the uplandsand subbasins include Stevens Creek; Hale Creek, a 
tributary of Permanente Creek; Adobe Creek and its tributary Barron Creek, Matadero Creek; 
Atherton Channel; and Redwood Creekanditstributary Arroyo OjodeAgua. The streams 
meandered through time, especially at the flatter and lower elevations closer to San Francisco 


Groundwater Assessment, 

and Indirect Potable Reuse Feasibility Evaluation 

and Implementation Strategy 


Todd Groundwaterand Woodard and Curran 

Page 16 



FINAL 


Bay, and formed interfingered and laterally discontinuous layers of gravel, sand, and clay 
material. The deposits are a heterogeneous mixture offine- and coarse-grained materials; 
accordingly, it is difficult to distinguish aquifers and aquifer boundaries. Because of the 
structural trough in thebedrock beneath San FrancisquitoCreek,thecreekwould have been 
confined to this low resulting in deposition of coarse-grained sediments along the current creek 
path (Sokol, 1963). Fio and Leighton (1995)found thatthe percentage of coarse-grained 
sediments increases with distance from the Bay and proximity to San Francisquito Creek. 

Continental deposition of alluvium during the Plio-Pleistoceneand Quaternary periods was 
accompanied by periodsofsea level transgressions(rise)and regressions (fall), associated with 
periods of climatic warming and cooling, respectively. During periods of sea-level rise, the paleo 
San Francisco Bay inundated a larger area between the Santa Cruz and Diablo Range 
Mountains, and fine-grained silt and clay layers were deposited over broad areas. The 
uppermost sequence of fine-grained material around the perimeter of the South Bay and in the 
eastern portion of the Study Area is commonly referred to as the "Bay Mud" aquitard. This 
aquitard isof lowpermeability, as much as 100-to200-feetthicknearthe Bay perimeter, and is 
one ofa seriesof confining layers that impede vertical flow of ground water. This isevidenced 
by the historical and currentpresence of artesian wells in some downgradientportionsofthe 
Study Area. However, the aquitard does not appearto be regionally continuous, as incised sand 
channel deposits are present in many areas of the Study Area. 

During sea level regressions, much ofthe area currently occupied by San Francisco Bay wasdry, 
and coarser-grained alluvium was deposited, including stream channel deposits that incised the 
previously-deposited finer-grained material. The resulting sedimentary sequence includes 
interbedded fine- and coarse-grained layers reflecting those dynamic depositional 
environments. This aquifer and aquitard framework affects groundwater flow. 

3.2.7.1 Cross Sections 

Ten hydrogeologiccross sections were constructed tocharacterizethethicknessand 
distribution of alluvial aquifer sediments and to delineate the hydrostratigraphy within the 
Study Area. 

The goals of constructing cross sections were to identify any local hydrogeologic structures that 
may affect IPRsiting and should be reflected in future assessments so thatthey accurately 
reflect groundwater flow, pond recharge, injection, and pumping distribution. Construction of 
thecrosssectionsfocusedonconditionsrelevanttohydrostratigraphiclayeringinthe Study 
Area. The assessment was designed to use and combine existing information in the ArcHydro 
Groundwater(Strassbergetal.,2011)dataformatthatsupportsapplicationofgeographic 
evaluation tools within a Geographic Information System (GIS) platform. The information 
assessed in this evaluation included: 

• Surficial geology, 

• Faulting, 

• Lithologic and geophysical well and borehole logs, 

• Well construction logs, 

• Bedrock surface elevations,and 
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• Previously completed local hydrogeologic conceptualizations. 

This information was collected and translated into a unified GIS compatible database structure 
for cross section construction and geographic evaluation. This approach allows any 
hydrostratigraphicstructures relevant to groundwaterflow in the Study Area to be easily 
translated from GIS for use in other formats. 

3.2.7.1.1 Available Data and Information 

Existing datasets and information were collected from all available sources. These sources 
included thefollowing: 

• Surficial geology in GIS coverage format (Brabb et al., 2000). 

• Fault locations and orientations (Brabb et al., 2000). 

• Fault subsurface expressions (Pampeyan, 1993). 

• Bedrock elevations (Oliver, 1990; Wentworth, 2015) 

• Locations, lithology, and well construction information for wells and boreholes in Santa 
Clara County (Todd,2016). 

• Locations, lithology, and well construction information for wells and boreholes in the 
Santa Mateo County portion of the Study Area (EKI et al., 2017). 

• Drillers Log files from DWR. 

• Additional lithologic logs for a portion of Santa Clara County from Fioand Leighton 
(2017). 

• Lithologic, well construction, and geophysical logsfrom the City of Palo Alto (Feeney, 
2004; Luhdorff & Scalmanini, 2010; CDM etal., 2011; Bonkowski, 2010a and 2010b), the 
City of Menlo Park (Clark GeoTechnical, 2012; Luhdorff & Scalmanini, 2017), the City of 
Mountain View (Luhdorff & Scalmanini, 2003; Luhdorff & Scalmanini, 2006), and the City 
of East Palo Alto (EKI, 2014). 

• Lithologic, well construction, geophysical logsandhydrogeologicconceptualizations 
from previously completed localand regionalhydrogeologicstudies(Canonie, 1987; 
Oliver, 1990; Brown and Caldwell, 1991; Dames & Moore, 1992; Geomatrix, 1992; 
Wentworth, 2015). 

• National Elevation Dataset (NED) ground surface digital elevation model data for San 
Mateo and Santa Clara Counties (USGS, 2017). 

• San Francisco Bay bathymetric digital elevation model (NOAA, 2017). 

These data and information sources resulted in a dataset of nearly 19,000 locatable wells and 
boreholes within and nearthe Study Area. Of these, lithologic records are availablefor761 
wells and boreholes and construction records are available for 997 wells (Figure 3-11). These 
location, lithologic, and well construction records were combined into a unified dataset 
extending well beyond the extents of the Study Area. The unified dataset is composed of a 
series of related tables in a geodatabase that follows the data storage conventions of ArcHydro 
Groundwater. Construction of the unified database required combination ofwell location, 
lithologic, and well construction data from multiple data sources. These data sources often 
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contained different information types. At each stage of the database construction process care 
was taken to include all of the data from each data source. In addition, many records were 
included in multiple data sources, and often the records from two or more data sources had 
differences in locations or information for wells. Duplicate well locations or records were 
combined into single records preserving all of the information from each individual data source. 

Geophysical logs from wells and boreholes in the Study Area were identified from all available 
sources. The available geophysical logs were reviewed and allgood quality logsfrom deep 
boreholesand wellswere selected foruse in cross section development. Thisdata collection 
and review process resulted in the identification of 45 geophysical logs from wells and 
boreholeswithintheStudyArea. The short-normal resistivity valuesfromthesegeophysical 
logs were digitized so thatthe data from the logs would be availablefor use in a relational data 
structure and lithology within GIS. Digitization was limited to short-normal resistivity because it 
was the only geophysical data type present in all available geophysical logs. The digitized 
resistivity data were combined into tabularformatwithin the unified ArcHydro Groundwater 
database. Resistivity logs are to define strata boundaries for correlation and to infer lithology as 
a function of permeability and resistivity. In general, logs show deflections to the right in 
relatively more permeable fresh water formations. 

There are multiple faults in the southwestern portion of the Study Area, as discussed above. To 
portray these faults on cross sections, it was necessary to estimate orientations and 
approximate dip angles. Pampeyan (1993) includes representation of the subsurface 
expressions of local faults within the Study Area, and apparent fault dip angles were estimated 
from Pampeyan and converted to true dip angles for each fault/cross section intersection 
(Davis etal., 1996). These estimates indicated thatthefaults in and around the Study Area 
generally dip towards the west at angles ranging from 56 to 83 degrees from horizontal. 

3.2.7.1.2 Cross Section Construction 

Ten cross section transect locations were chosen based on available data to provide lithologic 
coveragethroughouttheStudyArea and toshowdepth and extentofenvironmental release 
site contamination plumes (see Section 5.5.3). Figure3-11 illustrates well locations with 
available geophysical, lithologic, and construction information throughout the Study Area and 
Figure 3-1 2 shows the selected cross section locations and orientations. These sections are 
designated as A-A’through J-J’, as indicated on Figure3-1 2. Theseten crosssectionscoverand 
extend slightly beyond the Study Area. 

The datasets incorporated into the database discussed above were used to populate the cross 
sections for use in hydrostratigraphic correlation. These data were applied to the sections using 
the ArcHydro Groundwater extension to ESRI’s ArcGIS Desktop software. ArcHydro 
Groundwaterincludestoolsforplottingsurficialgeology, faults, lithologic, construction, and 
geophysical records, and elevation surfaces from a two-dimensional map to two-dimensional 
cross sections. The wells with lithologic, construction, and geophysical information in the 
vicinityofthesectionsareshownonFigure3-12.Each cross section was populated with the 
following datasets: 
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• Ground surface elevations from the county NED files, converted from North American 
Vertical Datum of 1988 (NAVD 88) to National Geodetic Vertical Datum of 1929 (NGVD 
29) for consistency with local elevation datasets, 

• Surficial geology, 

• Faults, 

• Welland boreholelithologyandwellconstructionfromallwellswithin1,000feetof 
each cross section, 

• Short-normal resistivity for all wells within 2,000 feet of each cross section, 

• Bay area bathymetry (also converted to NGVD 29), and 

• Estimated bedrock elevations. 

Thesedata were plotted tothecrosssections using theArcHydroGroundwatertoolsetand 
then used to interpret and correlate hydrostratigraphy. Geophysical and lithologic data were 
used to interpret sand and gravel aquifer units throughout the Study Area. Sands and gravels 
were lumped together in the interpretation. Where geophysical and lithologic logs disagreed, 
the information from geophysical logs was used. In locations where multiple geophysical or 
lithologiclogs were presenton a cross section, preference wasgiven to the closestlogs. 
Mapped surfacegeology(Brabbetal., 2000)and subsurface conditions around thefaults 
(Pampeyan,1993)wereusedtointerpretthelocationsandrelationshipsofoldermaterialsto 
one another and to local alluvium on the southwestern side of the Study Area. Bedrock 
elevations on each cross section were plotted from the contour data shown on Figure 3-8, with 
local modifications based on well and borehole log data. 

The resulting cross sections are shown individually with lithology, faulting, bedrock, and well 
locations on Figures 3-13 through 3-22. Areas where there is no well or lithologic data in the 
alluvial subbasins are left white and the transition is indicated by a dashed line. 

3.2.7.1.3 Hydrostratigraphic Evaluation 

In general, the cross sections support and agree with the previous conceptual model described 
above. Alluvial thickness is generally greatest in the northeastern and southeastern portions of 
the Study Area. However, the percentageof coarsegrained material (sands and gravels) is 
higher around San Francisquito Creek and in the southwest nearthe Santa Cruz Mountains. 
Additional discussion of observations from the cross sections is presented below. 

The southwest to northeast cross sections (D-D’, E’E, F-F’, G-G’, H-H’, and 1-1’) show bedrock 
elevations higher in the southwest and deeper in the northeast. The lowest bedrock elevations 
in the Study Area are projected to be on the northeast end of cross section H-H’, where the 
alluvium is estimated to extend to a depth of over 1,200feet. However, there is a deep trough- 
likefeatureshown inmanyofthecross sectionsthatappearstoslopefrom cross section E-E’ 
midway between the intersections of B-B’ and C-C’, then proceed to cross section F-F’just 
beforethe intersection with J-J’, onto J-J’justbeforeitintersects F-F’, then to G-G’just after it 
crosses B-B’, and then to B-B’. It is unclear where this trough goes from B-B’, butthe final 
expression may be present on the west side of 1-1’. The trough begins at a depth of 
approximately 930 feet on cross section E-E’ and reaches a maximum depth of just over 1,180 
feet on B-B’ and 1-1’. 
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The Pulgas and Hanoverfaultsappearto have caused vertical offset of bedrock, resulting in 
relatively deep alluvium immediately northeast of the fault zones as shown on cross sections D- 
D’, E-E’, F-F’, G-G’ 1-1’, and J-J’. As shown on cross section G-G’, the Pulgas Fault offsets beds 
within the Santa Clara Formation and deeper units. As shown in cross sections 1-1’, and J-J’, the 
Hanover Fault offsets bedrock units and the lower portions of the alluvial sediments. 
Understanding theextentoffaultinginthisareaisrelevantforsitingsurfacerechargefacilities 
because faults can act as barriers to groundwater flow. Because the Hanover Fault appears to 
only offset deeper alluvial units, the faulting does not likely limit down gradient flow from 
surficial or shallow recharge facilities potentially sited in the alluvial recharge area. As discussed 
in Section 3.2.6.1, the Pulgas Fault is thought to limit groundwater flows near San Francisquito 
Creek (Metzger, 2002). The effect of the Pulgas Fault on groundwater flow further to the 
southeast has not be demonstrated in the literature or by examination of groundwater 
elevation contour maps. While uncertain, because the fault offsets beds of folded semi- 
consolidated to consolidated bedrock, it is believed that it may likely act as a barrier to 
groundwaterand it is not recommended to site surface rechargefacilitiesontheupgradient 
(southwest side of the Pulgas Fault) without further field investigation. 

As shown on cross section D-D’ and E-E’ (sections with available information beneath San 
Francisco Bay), the shallowsand and gravel units in the subbasins do notappearto connect 
with San Francisco Bay. Thisfinding is relevanttothepotentialforsalinewaterintrusionasthe 
lack of coarse-grained units nearthe Bay limit potential migration of saline water inland to the 
groundwater subbasins. However, note that there are no available lithologic data beneath the 
Bay adjacentto the Santa Clara Subbasin portion of the Study Area and there is only limited 
lithologicand geophysical data available forthe area around cross sections D-D’ and E-E’. The 
apparent lack of connection between coarse-grained units and the Bay may simply be reflective 
of the limitations of the available data. However, pumping test findings documented in Section 
3.2.8postulate fine-grained units limiting the subsurface movement of groundwater across the 
Bay front. The lithologic interpretations on cross sections D-D’ and E-E’ combined with these 
previousfindingssuggestthatgroundwaterdischargeto the Bay may be limited in the Study 
Area. Nonetheless, it is possible that connections between shallow groundwater and the Bay 
exist but are not captured within the available data. In addition, other pathways exist for 
movement of shallow groundwater out of the Santa Clara Subbasin. Shallow groundwater can 
move as subsurface flow to adjacent subbasins, be removed through dewatering operations, 
discharge to creeks, infiltrate sewer lines, and given its shallow depth, be taken up by 
phreatophytes(deep-rootedplantthatobtainsasignificantportionoftheirwatersupplyfrom 
groundwater or the capillary fringe above the water table).The cross sections show 
heterogeneous conditions in the subsurface alluvium, with significant variability in the 
presence, thickness, and continuity of sand and gravel units. This is consistent with the 
conceptual model and with a depositional environment characterized by episodic alluvial and 
shallow marine or estuarian processes. There is a greaterfrequency of sand and gravel units in 
thesouthwestnearthemountainsandnearSanFrancisquitoCreek.Thecoarsedeposits 
decrease in occurrence and thickness from southwest to northeast as streams lose energy and 
to the southeast as the creek drainages become smaller. The following summarizes key cross 
section observations: 
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• There appears to be a high concentration of sand and gravel units around San 
Francisquito Creek, as indicated on cross sections A-A’and B-B’, and by comparing E-E’ 
toothernortheasttrending cross sections. This isgenerallyconsistentwiththearea 
identified as the San Francisquito Cone as shown on Figure 3-10. 

• The San Mateo Plain portion of the Study Area north of San Francisquito Creek appears 
tohavelimitedsandandgravelthickness,andthesandsandgravelsthatare present 
are more lenticular and less extensive than those further to the southeast. This is shown 
by comparing cross sections D-D’ and E-E’. This is consistent with the previous 
conceptual model, which indicates that the area around the San Francisquito Creek has 
long been a source of coarse-grained deposits. 

• Comparing cross sections A-A’ and B-B’ to C-C’ shows more sand and gravel in the 
southwest against the Santa Cruz Mountains than in the northeast near San Francisco 
Bay. This trend is also illustrated in the northeast trending cross sections. 

• The presence of sand and gravel units ator nearground surface is limited to the 
southwestern portion of the Study Area, as shown in cross sections A-A’ and B-B’ and 
most of the northeast trending cross sections. 

• Cross sectionsA-A’, B-B’, C-C’and J-J’alsoshowslightlylesssandandgravelinthe 
southeastern portion of the Study Area. 

• There is limited vertical cross connection between sand and gravel units. Most of the 
significant sand and gravel layers don’t appearto connect to sand and gravel layers 
above or below them either directly or indirectly. 

• The Hanover Fault appears to offset some deeper, oldersand and gravel units, as show 
on cross sections G-G’, 1-1’, and J-J’. 

• None of the sand and gravel units present on the northeastern side of the Study Area 
appearto connecttoSan Francisco Bay. This suggests that groundwaterdischarge to the 
Bay may be limited in the Study Area. However, note thatthere is limited lithologicand 
geophysical data adjacent to and within the Bay. It is possible that connections between 
shallowgroundwaterand the Bay exist butare not captured within the available data. 

3.2.8 Aquifer Hydraulic Properties 
3.2.8.1 Deep Aquifer 

Aquifer hydraulic properties affect the rates of groundwater flow, rates of percolation of 
natural and artificial recharge, production rates of wells, and amounts of groundwater in 
storage. The major aquifer hydraulic parameters are horizontal and vertical hydraulic 
conductivity, transmissivity, specific capacity, and storativity (referred to as specific yield for 
unconfined aquifers, and storage coefficient for confined aquifers). Hydraulic conductivity is a 
measure of the aquifer’s intrinsic permeability and controls the linear rate at which water 
moves through the medium under a unit hydraulicgradient. Transmissivity is equal to the 
hydraulicconductivity multiplied bytheaquifer’ssaturated thickness and is the rate at which 
water is transmitted through a unit width ofaquiferunderaunithydraulicgradient. Specific 
capacity is the amount ofwater produced by a well perfoot of drawdown (drop in water level) 
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overa specified period of pumping. Storativityisthevolumeofwateranaquiferreleasesfrom 
or takes into storage per unit surface area of aquifer per unit change in head. Typically, aquifer 
hydraulic parameters are determined based on pumping tests of wells that include 
measurements of pumping rates and water levels in the production well and nearby 
observation wells (Todd and Mays, 2005). 

A wide range in aquiferproperties are reported forthe Study Area. Reported transmissivity 
values from pumping tests and estimated from well specific capacity (Fio and Leighton,1995; 
Todd, 2012)rangefrom50to 11,000 squarefeetperday(ft 2 /d)indicatingawiderangefrom 
poor to very good yielding wells; this supports the characterization of heterogeneous 
conditions. 

Pumping test data for local larger-capacity wells completed in the deep aquifer were compiled 
from previous studies and are summarized on Table 3-2. Additional shallow aquifer pumping 
tests were performed forseveral oftheenvironmental release sites within theCity and these 
shallow aquifer data are discussed in the following section. 

Deeperaquifer hydraulic properties are available from testing of 32 larger-capacity wells 
located in the Study Area. T esting of the shallowand deep aquifer was also conducted in the 
Palo Alto Baylands area as part of an evaluation of injection wells to mitigate saline water 
intrusionfrom the Baylands (Hamlin, 1985). These 33 tests were evaluated to estimate deep 
aquifer hydraulic conductivity, transmissivity, specific capacity, and storativity. Figures 3-23 and 
3-24 illustrate the deep aquifer hydraulic conductivity and transmissivity values, respectively. 
Note that hydraulic property values at USGS Leland well, presented on Table 3-2, are orders of 
magnitude higherthan the rest of the data and are not included on the figures or statistical 
summaries discussed below. 

Hydraulic conductivities and transmissivities for wells in the Study Area were calculated using 
different methods. Some of the values were estimated from the well specific capacities, which 
is considered an approximate method. Other aquifer property values were determined using 
more rigorous analysis of pumping tests, and in some cases, including observation wells. 
Estimates from both methods are included in Table 3-2. 

Hydraulicconductivity valuesare within theexpectedrangeforthealluvialaquifermaterials. 
The minimum end ofthe range (0.27feetperday(ft/day)) is representativeofsilty sands while 
the maximum end ofthe range (149 ft/day) is representative of clean sands and gravels (Todd 
and Mays, 2005). The mean values (27 and 29 ft/day for the pumping test and specific capacity 
methods, respectively) are representative of clean sands (Todd and Mays, 2005). As presented 
on Figure 3-23, the highest values of hydraulicconductivity (greaterthan 100 ft/day) are 
generally located along San Francisquito Creek. However, there is some variability in the 
distribution of hydraulic conductivity values within the Study Area. This variability is consistent 
with the heterogeneity of the alluvial deposits. 

Values of transmissivity range from 122 to 42,130 ft 2 /day, with mean values of 6,950 and 4,266 
ft 2 /dayforthe pumping test and specific capacity methods, respectively. As presented on 
Figure 3-24, the pattern of transmissivity values is relatively similar to the hydraulic 
conductivity data. 
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Table 3-2 Aquifer Properties for Production Wells and Pumping Test Data 


Owner 

Owner Well 

Name 

Use 

Date 

Drilled 

Well or 
Boring 
Depth 

(ft) 

Casing 

Diameter 

(in) 

Screen 

Interval 

(ft) 

Screen 

Length 

(ft) 

Specific 

Capacity 

(gpm/ft) 

Specific 

Capacity 

Transmissivity 

(ft2/d) 

Specific 

Capacity 

Hydraulic 

Conductivity 

(ft/d) 

Pumping 

Rate 

(gpm) 

Pumping Test 
Transmissivity 
(ft2/d) 

Pumping Test 
Hydraulic 
Conductivity 
(ft/d) 

Pumping 

Test 

Storage 

Coefficient 

Source 

City of Palo Alto 

Library 

Municipal 

Oct-09 

285 

18 

165-285 

120 

2.2 

579 

5 

600 

296 

1 

0.19500 

Bonkowski 2010 

City of Palo Alto 

Eleanor Pardee 

Municipal 

Dec-09 

460 

18 

160-280 

120 

6.3 

1,682 

14 

1,000 

3,000 

9 

0.00295 

Bonkowski 2010 

City of Palo Alto 

Rinconada 

Municipal 

May-54 

900 

14 

156-900 

744 

52.0 

13,903 

19 

920 

4,597 

7 


CH2MHILL 1992 (older) 

City (newer) 

City of Palo Alto 

Middlefield 

Municipal 

Apr-05 

750 

14 

165-592 





505 

988 

10 


CH2M1992 

City of Palo Alto 

Seale 

Municipal 

Apr-05 

430 







350 

360 

9 


CH2M1992 

City of Palo Alto 

El Camino Park 

Municipal 

Feb-13 

280 

16 

152-204 

98 

54.4 

14,548 

149 

1,864 

42,130 

86 


L&S, undated; analysis by Todd 

City of Palo Alto 

Park 

Municipal 

Apr-05 

522 

14 

155 

522 




173 

2,640 

58 


CH2M1992 

City of Palo Alto 

Peers Park 

Municipal 

Mar-58 

850 

14 

150-850 

700 

7.2 

1,937 

3 





DWR log 

Carollo, 1999: Recent City Testing 

City of Palo Alto 

Fernando 

Municipal 

Oct-54 

1022 

14 


818 

3.0 

807 

1 





DWR log; City of PA 

City of Palo Alto 

Matadero 

Municipal 

Oct-56 

1186 

14 

142-1066 

924 

4.7 

1,248 

1 





City of PA 

City of Palo Alto 

Hale 

Municipal 

Sep-55 

828 

14 

108-828 

720 

4.7 

1,267 

2 





City (recent) 

City of Palo Alto 

Suzanne 

Municipal 

Oct-56 

1056 

14 

144-1056 

912 

4.0 

1,064 

1 





DWR log 

City of Menlo Park 

Corp Yard 

Municipal 

Apr-17 

395 

16 

190-375 

185 




1,498 

7,552 

41 


L&S, 2017 

City of East Palo Alto 

Gloria Way 

Municipal 

Dec-79 

350 

24 

258-323 

27 

2.3 

617 

23 

300 

235 

9 


DWR Log, HDR, 2004 

City of East Palo Alto 

Pad D test 

Test 

Jul-14 

600 

6 

165-390 

225 

4.0 

1,081 

5 

97 

880 

4 


EKI, Sep-14 

City of Mountain View 

Recreaton 17 

Municipal 

Sep-60 

572 

16 

232-560 

328 

25.5 

6,818 

21 





DWR log 

City of Mountain View 

22 

Municipal 

Jan-03 

580 

16 

270-555 

285 

4.8 

1,280 

4 





DWR Log;L&S Dec-05 

City of Mountain View 

23 

Municipal 

Oct-05 

520 

16 

335-521 

186 

6.6 

1,753 

9 

1,000 

954 

5 


L&S, 2005 

N. Los Altos Water Co. 

Wilkie 

Municipal 

Mar-97 

464 

12 

118-372 

56 

0.5 

122 

2 





DWR Log 

N. Los Altos Water Co. 

122-01 

Municipal 

Feb-57 

520 

12 

375-508 

33 

0.6 

157 

5 

600 

178 

0.27 


DWR Log: CH2MHMI, 1992 

O'Connor Tract Coop 
Water Co. 

No. 1 

Domestic 

Jul-66 

550 

12 

181-532 

108 

48.0 

12,833 

119 





DWR log 

O'Connor Tract Coop 
Water Co. 

No. 2 

Municipal 

Feb-63 

305 

12 

072-291 

75 

5.0 

1,337 

18 





Sweeney, 2003 

Palo Alto Park Mutual 

Water Co 

#7 

Municipal 

Jun-87 

460 

8 

248-388 

74 

3.6 

975 

13 





DWR log 

St Patricks Seminary 

3 

Domestic 

Oct-86 

425 

12 

160-420 

110 

54.5 

14,583 

133 





DRW log 

St. Patrick's Seminary 

35D2 

and 

Sep-65 

450 

12 

160-440 

200 

16.8 

4,492 

22 





DWR Log 

Stanford U 

W1 

Municipal 

Jan-34 

746 

12 

179-574 

395 

14-60 

3,780- 16,042 

9.5-41 





Geomatrix, 1992 

Stanford U 

W3R 

Irrigation 

Nov-02 

355 

16 

150-350 

200 

32.6 

8,718 

44 

1,500 

8,718 

43.7 


Stanford, 2017 

Stanford U 

W4R 

Irrigation 

Aug-03 

310 

18 

150-305 

125 

8.9 

2,387 

19 

650 

16,370 

141 

0.00070 

DWR log; Pumping Test Data from 
Stanford, 2017; analysis by Todd 

Stanford U 

5 

Other 

Feb-57 

626 

14 

144-624 

482 

30.7 

8,203 

17 

380 

15,774 

32.8 

0.00126 

DWR log; Sokol, 1964 

Stanford U 

2 

Test Hole 


301 

10 

142-301 

159 

25-50 

50,000 - 100,000 

42-84 





Geomatrix, 1992 

Stanford U 

12D1 

Municipal 


950 

14 






900 

6,524 

7.2 

0.000186 

Sokol, 1964 

USGS 

Leland Well 

Domestic 

Oct-77 

310 

8 

180-270 

50 

400.0 

106,945 

2,142 





DWR log 

SCVWD 

Injection Wells 

Injection 


>150 








960 


0.0005 

Hamlin, 1985 


MIN 

0.5 

122 

1.0 

97 

178 

0.27 

0.00019 


MAX 

54.5 

14,583 

149 

1,864 

42,130 

141 

0.19500 

AVE 

16.0 

4,266 

27 

771 

6,950 

29 

0.04002 


ft - feet U - university in - inches SCVWD - Sanat Clara Valley Water District 

gpm/ft - gallons per minute per foot of drawdown L&S - Luhrdorff and Scalmanini ft 2 /d - square feet per day DWR - California Department of Water Resources 

ft/d - feet per day 
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Storativity values range from 0.00019 to 0.195, with mean value of 0.04. The higher storativity 
values are representative of unconfined or partially-confined conditions while the low values 
are indicative of confined conditions. This is consistent with the presence of both confined and 
unconfined conditions in the Study Area. 

Stanford University conducted an 8-day pumping and recovery testinoneof its production 
wells while monitoring water levels in five observation wells located at various distances from 
the pumping well. These data were analyzed to determine aquifer parameters. Pumping test 
analyses are presented in Appendix A. Thetesting showed responses in all observation wells 
even those at distances greater than 5,000 feetfrom the pumping well. These responses, as 
well as the storativity (0.0007), indicate confined conditions as the cone of depression 
associated with the pumping well in the confined aquifer is deeper and much more extensive 
compared to the coneof depression in the unconfined aquifer. The pumping well is located 
nearthe boundary oftheconfined and unconfined zones in theconfined area. The pumping 
test confirms the existing interpretation of the extent of confinement in this area. 

The City’s El Camino Park well pumping test was also analyzed as the Well Completion Report 
(Luhdorff and Scalmanini, 2013) did not provide an analysis of aquifer parameters other than 
specific capacity. The analysis is provided in Appendix Aand results are shown in Table 3-2. 

Values of specific capacity provided in Table 3-2 range from 0.5 to 55 gallons per minute per 
foot (gal/min/ft), with a mean value of 16 gal/min/ft. 

3.2.8.2 Shallow Aquifer and Santa Clara Formation 

Available shallow aquifer hydraulic property data were reviewed to assess potential aquifer 
recharge capacities in the unconfined forebay portion of the Study Area underlain by Santa 
Clara Formation. As shown in Figure 3-25, the area of unconfined alluvial aquifer within Palo 
Alto available for IPR surface spreading facilities is narrow. In addition, several large 
environmental contaminant plumes (discussed in Section 3.5.3) further limit areas where 
recharge facilities maybe located without potential mobilization of contamination. The 
recharge potential of the Santa Clara Formation has been characterized as both a significant 
recharge area (Fioand Leighton, 1995)and as having lowyieldsto wells (Iwamura, 1995) 
indicating limited recharge potential. 

This reviewfocused on near-surface aquifer properties at environmental release sites located in 
the Santa Clara Formation and confined aquifer nearthe unconfined alluvial aquifer boundary. 
Available shallow aquifer hydraulic property data in this area primarily consist of horizontal 
hydraulic conductivities measured during the performance of aquifer pumping and slug tests, 
although limited vertical hydraulicconductivity and storage property data are also available 
from a few of the pumping tests. 

Numerous shallow well pumping tests were performed at contaminated sites with significant 
groundwater contamination plumes, including the 1501 Page Mill Road, Hillview-Porter, and 
4100MirandaAvenuecleanupsites. Pumpingtestsofshallowwellscompletedinboththe 
recent Alluvium and in the Santa Clara Formation were conducted at these sites. At the 1501 
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Page Mill Road site, six shallow Santa Clara Formation aquifer pumping and recovery tests were 
performed. Atthe Hillview-Porter site, three pumping tests and 14 slug tests were performed 
in wells completed in the alluvium and Santa Clara Formation. Atthe4100 Miranda Avenue 
site, eight pumping tests were performed for wells completed in the alluvium only. A pair of 
shallow well pumping tests for wells completed in the Santa Clara Formation were also 
reported in Sokol (1964). 

Table 3-3 lists the shallow aquifer pumping test wells and estimated hydraulic conductivities. 
Atthe 1501 Page Mill Road site, the average (mean) reported hydraulicconductivityofthe 
shallow Santa Clara Formation aquifer was 7.6 ft/day. Atthe Hillview-Porter site, the average 
reported hydraulic conductivity of the shallow Santa Clara Formation aquifer was 4.0 ft/day, 
while the average reported hydraulicconductivityoftheshallowalluviumwas2.0ft/day. At 
the4100 Miranda Avenue site, the average reported hydraulicconductivityofthe shallow 
alluvium was 6.7ft/day. 

These mean values are illustrated on Figure 3-23, the hydraulic conductivity map. The shallow 
hydraulic conductivities for both alluvium and Santa Clara Formation are similar to the values 
for deeper wells in the Study Area. 

The results of these pumping and slug tests indicate that both the alluvium and Santa Clara 
Formation in thefoothills atthe edge of the Santa Clara Subbasin have moderate horizontal 
hydraulic conductivity. Vertical hydraulic conductivities are expected to be lower than 
horizontal, due to stratification and anisotropy. However, the estimated conductivities indicate 
that moderate rates of surface recharge can be achieved in the uplands Santa Clara Formation 
area. Because of uncertainty in the hydraulic connection between the Santa Clara Formation 
and alluvium, if surface recharge facility sites can be sited in theformation, additional field 
work should be performed to assess its recharge potential and connectivity to the alluvium 
prior to moving forward in the planning process beyond this Northwest County Recycled Water 
Strategic Plan. Similarly, field investigations of potential recharge sites in the alluvial recharge 
area are alsorecommended. 

3.2.8.3 Confining Layer 

Hamlin (1985) conducted a pumping test in the Palo Alto Baylands and estimated the vertical 
hydraulicconductivityofthe confining layerbetweentheshallowanddeepaquifersatO.08 
ft/d. 
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Table 3-3 Summary of Shallow Aquifer Hydraulic Conductivity in Unconfined Recharge Area 


Site Area 

Aquifer Formation 

Test Date 

Pumping 

Well 

Observation 

Well 

Horizontal 

Hydraulic 

Conductivity 

(feet/day) 

Notes 

1501 Page Mill 

Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-23 

9.6 

pumping test 

(20 conductivity values) 

Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-23 

8.9 

pumping test 

Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-24 

16.6 

pumping test 


Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-24 

19.8 

pumping test 


Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-28 

8.8 

pumping test 


Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-28 

10.7 

pumping test 


Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-88 

7.6 

pumping test 


Santa Clara - Gamma 1 

10/10/1991 

MW-28 

MW-88 

10.5 

pumping test 


Santa Clara - S Zone 

10/29/1991 

MW-30 

MW-13 

2.7 

pumping test 


Santa Clara - S Zone 

10/29/1991 

MW-30 

MW-30 

0.9 

pumping test 


Santa Clara - Gamma 1 

12/13/1991 

MW-97 

MW-97 

0.2 

pumping test 


Santa Clara - Gamma 1 

12/13/1991 

MW-97 

MW-97 

0.2 

pumping test 


Santa Clara - Gamma 1 

12/13/1991 

MW-97 

MW-122 

11 

pumping test 


Santa Clara - Gamma A 

2/10/1992 

MW-98 

MW-98 

1.4 

pumping test 


Santa Clara - Gamma A 

2/10/1992 

MW-97 

MW-98 

1.1 

pumping test 


Santa Clara - Gamma A 

2/10/1992 

MW-97 

PZ-125 

1.4 

pumping test 


Santa Clara - Gamma 1 

1/15/1992 

MW122 

MW-97 

16.8 

pumping test 


Santa Clara - Gamma 1 

1/15/1992 

MW122 

MW-97 

15.7 

pumping test 


Santa Clara - Gamma 1 

1/15/1992 

MW122 

MW-122 

3.6 

pumping test 


Santa Clara - Gamma 1 

1/15/1992 

MW122 

MW-122 

4.8 

pumping test 

Mean Horizontal Hydrau 

ic Conductivity Santa Clara Formation (feet/day) 


7.6 


Median Horizontal Hydraulic Conductivity Santa Clara Formation (feet/day 


8.2 
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Table 3-3 Summary of Shallow Aquifer Hydraulic Conductivity in Unconfined Recharge Area 

(continued) 


Site Area 

Aquifer Formation 

Test Date 

Pumping 

Well 

Observation 

Well 

Horizontal 

Hydraulic 

Conductivity 

(feet/day) 

Notes 

Hillview-Porter 

Alluvium 

Jul-88 

MD-2 


0.7 

slug test 

(23 conductivity values) 

Alluvium 

11/23/1988 

MD-3 

MD-3 

0.9 

pumping test 

Alluvium 

11/23/1988 

MD-3 

MD-3 

8.5 

pumping test 


Alluvium 

11/23/1988 

MD-3 

PZ-4 

0.6 

pumping test 


Alluvium 

Oct-88 

MW-1 


1.7 

slug test 


Alluvium 

11/23/1988 

MW-10 

MW-10 

4.0 

pumping test 


Alluvium 

11/23/1988 

MW-10 

MW-10 

4.5 

pumping test 


Alluvium 

11/23/1988 

MW-10 

PZ-4 

1.4 

pumping test 


Alluvium 

Oct-88 

MW-12 


0.8 

slug test 


Alluvium 

Jan-89 

MW-13 


0.1 

slug test 


Alluvium 

Oct-88 

MW-2 


0.5 

slug test 


Alluvium 

Jul-88 

MW-7 


0.3 

slug test 


Alluvium 

Jul-88 

MW-8 


1.4 

slug test 


Santa Clara 

Jul-88 

MD-1 


2.7 

slug test 


Santa Clara 

Oct-88 

MW-11A 


0.4 

slug test 


Santa Clara 

Oct-88 

MW-1 IB 


0.4 

slug test 


Santa Clara 

Oct-88 

MW-11C 


0.7 

slug test 


Santa Clara 

11/29/1988 

MW-1 ID 

MW-1 ID 

4.0 

pumping test 


Santa Clara 

11/29/1988 

MW-1 ID 

MW-1 ID 

8.2 

pumping test 


Santa Clara 

11/29/1988 

MW-1 ID 

MW-11C 

10.2 

pumping test 


Santa Clara 

Dec-87 

MW-3 


0.9 

slug test 


Santa Clara 

Mar-88 

MW-4 


10.8 

slug test 


Santa Clara 

Jul-88 

MW-9 


2.2 

slug test 

Mean Horizontal Hydraulic Conductivity Alluvium (feet/day) 



2.0 


Median Horizontal Hydraulic Conductivity Alluvium (feet/day) 


0.9 


Mean Horizontal Hydraulic Conductivity Santa Clara Formation (feet/day) 

4.0 


Median Horizontal Hydraulic Conductivity Santa Clara Formation (feet/day) 

2.5 
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Table 3-3 Summary of Shallow Aquifer Hydraulic Conductivity in Unconfined Recharge Area 

(continued) 


Site Area 

Aquifer Formation 

Test Date 

Pumping 

Well 

Observation 

Well 

Horizontal 

Hydraulic 

Conductivity 

(feet/day) 

Notes 

4100 Miranda Avenue 

Alluvium 

9/5/1985 

RW-1A 

8 

i.i 

pumping test 

(21 conductivity values) 

Alluvium 

9/5/1985 

RW-1A 

18 

0.3 

pumping test 


Alluvium 

9/5/1985 

RW-1A 

20 

i.i 

pumping test 


Alluvium 

9/5/1985 

RW-1A 

RW-1B 

0.1 

pumping test 


Alluvium 

9/5/1985 

RW-1A 

32 

1.1 

pumping test 


Alluvium 

2/28/1984 

21 

22 

0.5 

pumping test 


Alluvium 

2/6/1984 

22 

21 

2.0 

pumping test 


Alluvium 

5/16/1984 

29 

30 

0.3 

pumping test 


Alluvium 

5/16/1984 

29 

25 

0.1 

pumping test 


Alluvium 

5/16/1984 

29 

14 

0.1 

pumping test 


Alluvium 

5/16/1984 

29 

27 

0.1 

pumping test 


Alluvium 

4/30/1984 

30 

27 

0.1 

pumping test 


Alluvium 

9/5/1985 

RW-1B 

RW-1A 

0.8 

pumping test 


Alluvium 

9/5/1985 

RW-1B 

18 

1.6 

pumping test 


Alluvium 

9/5/1985 

RW-1B 

20 

0.2 

pumping test 


Alluvium 

9/5/1985 

RW-1B 

14 

3.7 

pumping test 


Alluvium 

9/5/1985 

RW-1B 

21 

2.5 

pumping test 


Alluvium 

9/5/1985 

RW-1B 

22 

1.0 

pumping test 


Alluvium 

9/5/1985 

RW-1B 

32 

1.7 

pumping test 


Alluvium 

12/15/1987 

35 

35 

100.1 

pumping test 


Alluvium 

1/18/1988 

42 

42 

21.0 

pumping test 

Mean Horizontal Hydraulic Conductivity Alluvium (feet/day): 



6.7 


Median Horizontal Hydraulic Conductivity Alluvium (feet/day): 



1.0 



Stanford University 

Santa Clara 

4/1/1960 

10L1 

10L1 

89.1 

pumping test 

(2 conductivity values) 

Santa Clara 

5/23/1962 

18H1 

18H1 

29.0 

pumping test 
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Table 3-3 Summary of Shallow Aquifer Hydraulic Conductivity in Unconfined Recharge Area 

(continued) 


Site Area 

Aquifer Formation 


Mean 

Horizontal 

Hydraulic 

Conductivity 

(feet/day) 

Notes 

California-Olive- 

Emerson Site 




Recovery Test 
Program - 20 tests 


Alluvium 


0.3 

A Zone 


Alluvium 


3.7 

A1 Zone 


Alluvium 


4.3 

A2 Zone 


Alluvium 


2.7 

B Zone 





Palo Alto Square 
Pumping Test 


Alluvium 


201.3 

A Zone 


Alluvium 


283.5 

A1 Zone 


Alluvium 


73.7 

A2 Zone 
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3.2.9 Groundwater Levels and Flow 

An evaluation of the Santa Clara County portion of the Study Area groundwater levels and flow 
wasconducted using water level data provided by the District. Data provided by the District 
include water levels from the 1960s through May2017. Data for San Mateo Countywere 
available from the San Mateo Groundwater Basin Assessment (EKI et a I., 2017) through March 
2016. The San Mateo County data were primarily compiled from environmental site 
investigations, and therefore include mostly short water level records from shallow wells. This 
analysis, therefore, primarily relies on data provided by the District. Some older groundwater 
level data and historical pumping for the City wells from Carollo (2003) was also used. 
Groundwater elevation contour maps were prepared using data from shallow wells (screened 
less than or equal to 200 ft-bgs) and deep wells (screened greater than 200 ft-bgs), and 
hydrographs of water levels overtime were constructed and evaluated. While the District uses 
150 ft-bgs to differentiate between shallowand deep wellsfortheir reporting, 200ft-bgs was 
used for this study based on groundwater elevation data in the District’s Eleanor (ELNR) multi¬ 
completion monitoring well located in central Palo Alto. The upper-most screened interval from 
180 to 200 ft-bgs clearly shows a groundwater head response indicative of the shallow aquifer. 
It is noted that the depth of the shallow aquifer likely varies based on location in the Study 
Area. 


3.2.9.1 Groundwater Elevation Contours 

Groundwater level data for shallow and deep wells were contoured for two recent time 
periods, fall 2016 and spring 2017. Fall 2016 contour maps are based on water levels measured 
between October land October22,2016 and representgroundwaterelevations atthe end of 
the multi-year drought. Spring 2017 contour maps are based on water levels measured 
between March28andApril4,2017andrepresentgroundwaterelevationsneartheendofthe 
recentunusuallywetwinterseason. Rainfall atthe District’sSan Jose weatherstation (6131) 
was 17.2 inches between July 1,2016 and June 30,2017, or 120% of the annual average of 14.3 
inches. The contour maps do not include water levels measured at the City of Palo Alto 
production wells because they are constructed in both the shallowand deep aquifers. Well 
construction for the City emergency supply wells is summarized on Table 3-1 . Although the City 
wells are screened primarily in thedeepzone, the top ofthescreens begin in the shallowzone 
(between 108 and 165 ft-bgs) with gravel packs that begin even shallower (between 60 and 150 
ft-bgs). Wells that are exposed to the effect of more than one aquifer reflect the water levels of 
each aquifer in direct proportion to the transmissivity of the aquifer. Therefore, water levels 
measured atthe City wells are influenced by groundwaterflow in both the shallowand deep 
aquifers. This is likely why the City wells do notshowartesian conditions, while some nearby 
wells screened solely in the deep aquifer do. 

The groundwater elevation map based on fall 2016 shallow water level measurements is 
presented on Figure 3-25. Groundwaterelevationsrangefrom72.9feetNGVD (National 
Geodetic Vertical Datum of 1929) along the southeastern border of the Study Area in Mountain 
Viewto 1.1 foot below NGVDor-1.1 feetNGVD29 nearthe Bay in Palo Alto. Based on the 
contours, groundwaterflows towards the Bay, from the south-southeast to the north- 
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northwest. The shallow horizontal hydraulic gradient is approximately 0.0027 foot per foot 
(ft/ft). The gradient is steeper near the foothills and flatter near the Bay. 

Deep groundwater elevations measured in fall 2016 are presented as Figure 3-26. 
Groundwater elevations range from 76.2 feet NGVD 29 in the southeastern corner of the Study 
Area in Mountain View to -3.6 feet NGVD 29 on the Stanford campus. Artesian conditions were 
observed in one well nearthe Bay in Palo Alto (7.4 feet NGVD 29), and fourwells in Mountain 
View. Two of the artesian wells in Mountain View have pressure gauges and groundwater 
elevations are known (62.5 and 62.6feet NGVD 29). The othertwo of the artesian wells in 
Mountain Viewdonothavepressuregauges, and therefore, thegroundwaterelevationsare 
not known and therefore not contou red. Grou ndwater flow is from the south-southeast to the 
north-northwest towards the Bay. There is a localized cone of depression near San Francisquito 
Creekfrom pumping of Stanford irrigation wells. The deep aquifer horizontal gradient in the 
eastern Study Area is 0.0034 ft/ft. 

Shallowgroundwaterelevations measured in spring 2017 are illustrated on Figure 3-27. 
Groundwater elevations range from 82.4 feet NGVD 29 in the southeastern corner of the Study 
Area in Mountain Viewto0.9feet NGVD 29 nearthe Bay in Palo Alto. Similartofall2016,the 
groundwater flow direction is towards the Bay, from south-southeast to north-northwest. The 
shallow aquifer hydraulicgradient is 0.0027 ft/ft, the same as in fall 2016. The gradient is 
steeper near the foothills than closer to the Bay. 

Shallowgroundwaterelevations are higher in spring 2017 than in thefall 2016, with the 
exception ofonewellin Mountain Viewwhere the water level declined 1.3foot(from 28.9to 
27.6 feetNGVD29).Theshallowcontourmapsarebasedondatafromthesamewellsandthe 
average increase in water level at these wells from fall 2016 to spring 2017 is 6.5 feet. The 
maximum increase of 16.9 feet (from 3.9 to 20.8 feet NGVD 29) was measured in the shallowest 
screen of the multi-completion well (ELNR 4). 

Deep groundwater elevations measured in spring 2017 are presented as Figure 3-28. 
Groundwater elevations range from 76 feet NGVD 29 in the southeastern Study Area in 
Mountain View to 7.6 feet NGVD 29 near the Bay in Palo Alto. As in fall 2016, artesian 
conditions persist nextto the Bay in Palo Alto (7.6feetNGVD29) and in Mountain View(62.7 
and 66.1 feet NGVD 29). Artesian conditions were also observed in the same two wells without 
pressuregauges in Mountain View. Similartofall2016,groundwaterflowistowardstheBay 
and there remains a localized cone of depression near San Francisquito Creek due to pumping 
at Stanford. The deep aquifer horizontal gradient in the eastern Study Area is 0.0031 ft/ft, 
which is similar to fall 2016. 

Deepgroundwaterelevations rose from fall 2016 to spring 2017. Fourteen deep wells were 
measured during both seasons, and the average increase in groundwaterelevation among 
these wells was 10.6feet. Themostsignificantriseindeepgroundwaterelevationsoccurred 
near San Francisquito Creek, where water levels increased approximately 20feet. The change in 
groundwaterlevels is likely dueto reduced irrigation pumping by Stanford and surface water 
recharge togroundwateralong the upperreach of San Francisquito Creek in thesubbasins. 
Water levels in Mountain View rose an average of approximately 5 feet. Water levels in Palo 
Alto near the Bay did not change. 
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3.2.9.2 Hydrographs 

Groundwater levels are also presented as hydrographs at select wells within the Study Area. A 
map of well locations with hydrographs is presented as Figure 3-29. 

Hydrographs for the Hale well and a composite of historical data for two nearby wells are 
presented as Figure 3-30. These illustrate deep groundwater level trends for almost 100 years 
in the vicinity of San Francisquito Creek. Water levels from approximately 1920 to the early 
1960s were obtained from Sokol (1964) based on a composite of water levels from the Stanford 
Corporate Yard well and theCity of Palo Alto Engineerwell.Theexactlocationsofthese wells 
are uncertain, but they are screened in the deep aquifer near San Francisquito Creek. The Hale 
well water levels are available from 1956 to April 2017, and water levels from a USGS well 
(005S003W34H001 )from about 1997 to 1995 are overlaid onto the Hale well hydrograph. 
Water levels at the USGS well are similar to the Hale Well during the period of overlap. 

The Sokol and Hale well hydrographs illustrate historical to current water level patterns. Before 
1890, groundwater was not yet developed, and groundwater flow was presumably towards the 
Bay. Groundwater development began between 1890 and 1910. Wells north of San 
Francisquito Creek were primarily used domestically for residential estates, while wells south of 
the creek were used for crop irrigation (Sokol, 1964). During this time, many deep wells 
exhibited artesian conditions. By 1920, groundwaterdevelopment increased, and groundwater 
levels dropped below sea level. By the early 1930s, there was a cone of depression north of San 
Francisquito Creek and the hydraulic gradient had reversed with groundwater flowing from the 
Bay toward the foothills. By 1932, the City was operating eight production wells. In 1937, 
imported waterfrom Hetch-Hetchy was available in the area although the City continued to 
rely on groundwater for a large portion of its water supply. There was some recovery in 
groundwater levels between the 1930s and early 1940s. Nonetheless, regional groundwater 
demand increased between 1940 and 1960 and the area experienced an extended dry period 
between 1945 and 1965 (SWRCB, 1955) and water levels declined to depths of more than -125 
feet NGVD 29. Ini 962, the City stopped using groundwater and began relying on Hetch-Hetchy 
imported waterfor 100% of its supply. In addition, the District began imported and treated 
waterdistribution intheSantaClara Subbasin in the early/mid 1960s, and District customers 
reduced groundwater pumping. As a result, groundwater levels began to recover in the Santa 
Clara Subbasin. WaterlevelsintheHalewellrosealmost150feetfromtheearly1960stothe 
late 1970s, from approximately-130feet NGVD29 to approximately 15 to20feetNGVD29. 
Groundwaterelevations rose above sea level forthefirsttime since pre-developmentand 
groundwaterflow was towards the Bay. Since the 1970s, water levels in the Hale well and the 
USGS well have been relatively stable, fluctuating between approximately sea level and 25 feet 
NGVD29. Water levels in the Hale well dropped belowsea level during the drought in the late 
1980sand during themostrecentdroughtbuthave rebounded over20feetsinceMay2014. A 
sharp drop in the groundwater level in the Hale well occurred in 1988 when the well was put 
into service and 400 AF of groundwater were pumped from the well (Carollo, 2003). 

Deep groundwater elevation contours from April 1962 were adapted from Sokol (1964) and are 
illustrated on Figure 3-31 . As described above, groundwater elevations were at historical lows 
during this time and the contours showgroundwaterelevations between-100 and-150 feet 
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NGVD 29 in the Palo Alto and Stanford area. A groundwater mound, at an elevation of 
approximately-100 feet NGVD 29, was present south of San Francisquito Creek. Groundwater 
flowed from the mound to the southeast, northwest, and to the east towards the Bay. Inland 
flow from the Bay was likely occurring closer to the Bay. 

Additional hydrographs illustrating long-term water level trends in different regions of the 
Study Area are presented on Figure 3-32. Wells 06S03W03L010 and 06S03W11B010, on the 
upper half of Figure 3-32, are pumping wells on the Stanford campus showing rising water 
levels from the early 1960s to the mid-1980s. Water levels in well 06S03WL010, located next to 
San Francisquito Creek, decreased from the late 1940s to the early 1960s, and then increased 
about 150 feet, from approximately -125 feet NGVD 29 in 1961 to approximately 25 feet NGVD 
29 in the early 1980s. Water levels in 06S03W11B010, located overa mile southeast of the 
creek, increased approximately 190feet,fromabout-170feetNGVD29intheearly1960sto 
approximately 20 feet NGVD 29 in the mid-1980s. 

Wells 06S02W22G001/004 and 06S02W28N002, on the lower half of Figure 3-32, illustrate 
water level trends since 1970 in the southeastern Study Area, in Mountain View and Los Altos. 
Water levels at wells 06S02W22G001/004 in Mountain View increased approximately 180 feet, 
from-120feetNGVD29intheearly1970stoabovegroundsurface(60feetNGVD29)bythe 
late 1990s. Water levels at well 06S02W28N002, located in the foothills of Los Altos, increased 
about 155feet,fromapproximately-80feetNGVD29 in the early 1970sto approximately 75 
feet NGVD29 by the late 1990s. Water levels in both wells were relatively stable afterthe late 
1990s. 

Hydrographs and historical pumping for the eight City emergency supply wells are illustrated on 
Figures 3-33 The pumping and groundwater level records for the older City wells (Hale, 
Rinconada, Peers Park, Fernando, and Matadero)date back to the 1950s. Three wells-Eleanor 
Pardee, El Camino Park, and Library- were installed within the last 10 years and therefore have 
relatively short water level records and have notbeen used forsupply. The older production 
well hydrographs illustrate rising groundwater levels during the 1960s and 1970s associated 
with cessation of pumping by the City and relatively stable water levels afterthat. The record 
of available annual pumping for each of the older wells is shown below each hydrograph 
(Carollo, 2003). The impactsofsignificantpumping during the 1950sand1960sareshown in 
significant drawdown in the wells. The Hale and Rinconada wells also both show a sharp decline 
in groundwater levels associated with pumping during 1988. Recentwater levels in several 
wells are nearthe ground surface (Eleanor Pardee, Library, Rinconada, and Matadero). No City 
well water levels are artesian, presumably because all the wells are screened in both the 
shallow and deepaquifers. 

As shown on Figure 3-29, all ofthe hydrographs are from wells located in the confined area of 
the subbasin. Water levels within the confined area vary with depth and illustrate the presence 
of vertical gradients. Groundwater level hydrographs for shallow/deep well clusters from three 
locations are presented on Figure 3-34. The well clusters are shown as blue symbols on Figure 
3-29. 

Water levels in District's Eleanor nested well cluster (ELNR), located nearthe City’s Eleanor 
Pardee well are shown on the top left of Figure 3-34. Water levels in the four separate 
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monitoring wells (which are screened at different depth intervals) are monitored by transducer 
and have near continuous records. These high frequency and depth discrete records allow for 
examination of short-term water levelfluctuations in each well and a comparison ofwaterlevel 
behavior at different depths. The largest fluctuations and deepest water levels are observed in 
the shallowest well screened in the shallow aquifer. Groundwater level elevations in the deeper 
wells are progressively higher with increasing depth and occasionally exhibit artesian 
conditions. This multi-completion well clearly shows an upward vertical gradientfrom the 
shallow to deep aquifer with water levels increasing with depth in the deep aquifer. 

Water levels in Wells 052SW35R001/002, located next the Bay in Mountain View, are shown on 
the bottom left of Figure 3-34. Water levels in the two monitoring wells, one screened at a 
depthof80feet(R002)andtheotherscreened atadepthof300feet(R001),showdifferences 
in water level trends since the 1970s. The shallow well groundwater elevations have remained 
relatively stable, having risen from afewfeet below sea level in the 1970s to afewfeet above 
sea level in 2015. The deeper well, however, has increased more dramatically, from an 
elevation of about -40 feet NGVD 29 in the early 1970s to above ground surface (artesian) since 
themid-1990s. Thetwohydrographscrosseachotherin 1992, representing achangeinthe 
direction of the vertical gradient. Before 1992, water level elevations were greater in the 
shallow well, indicating a downwards vertical gradient. After 1992, water level elevations were 
greater in the deeper well, indicating an upwards vertical gradient. Presumably, as 
groundwaterpumping in the confined zone decreased, water levels recovered and vertical 
gradients changed. 

Water levels in Wells 06S02W05F001/002/003, located near the Bay in Palo Alto, are shown on 
thetoprightof Figure 3-34. These threewellsarescreenedatvariousdepths:25feet(F001), 
50feet(F002),and200feet(F003). The two shallowest wells exhibit relatively stable water 
level trends, while water levels in the deepest well increased approximately 40 feet, from 
approximately-25feetNGVD29intheearly1970stoover20feetNGVD29in2011.Thedeep 
well has been artesian (ground surface elevation isapproximately7feetNGVD29)since the 
late 1990s. While, a criterion of 200 ft-bgs has been used in this report as the depth 
differentiating the shallowaquiferfromthedeepaquifer, it isclearthatF003 is screened in the 
deepaquiferbasedonthehydrograph.Asnotedabove,thedepththatseparatestheshallow 
anddeepaquiferslikelyvariesacrossthestudyarea. Atthislocation,thedeepaquiferoccurs 
at shallower depth than in the ELNR multi-completion well. Throughout most of the 1970s, 
water levels in this deep well were lowerthan in the intermediate well, indicating a downwards 
vertical gradient. Between the late 1970s and the late 1990s, deep well water levels fluctuated 
above and belowtheshallowwell(F002)waterlevels. Afterthe late 1990s, deep water levels 
remained abovethewaterlevels in theshallowwells, indicating an upwards verticalgradient. 
These hydrographs illustrate again thatasdeepaquiferpumping decreased, waterlevels 
recovered and vertical gradients changed from downwards to upwards. 

Based on the District’s2016 Groundwater Management Plan (SCVWD, 2016c), over 50 
monitored wells are currently underartesian conditions at least part ofthe year. There are 17 
wells that have been under artesian conditions in the Study Area. These wells are illustrated on 
Figure 3-35. Several of these wells are clustered, and therefore are displayed as one symbol on 
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the map. As shown on thefigure, wells with artesian conditions are within the confined area of 
the subbasin. 

3.2.10 Confined/Unconfined Determination 

The confined and unconfined areas within the Santa Clara Valley portion of the Study Area were 
first defined by the SWRCB (1955). Methods used by the SWRCB for confirming the presence of 
and delimiting the boundaries between forebay area (unconfined or recharge zone) and 
pressure zones (confined zone) were primarily geologic and hydrologic. In connection with the 
geologic studies, the SWRCB obtained and located 1,100 well logs. The limits of blue clay 
described on well logs were one criterion for locating pressure zone boundaries. 

A hydrologic method utilized bytheSWRCBfordifferentiating between the confined and 
unconfined zones was based upon the characteristics exhibited by these aquifers under 
conditionsof change in rateof pumping drawdown. Overa period of several days, waterlevel 
transducers were installed in abandoned wells to differentiate the high amplitude and cyclic 
piezometric surface fluctuation (associated with daily pressure changes) in the confined aquifer 
from the gradual unconfined water table elevation changes. Another method consisted of the 
preparation of a groundwater map showing lines of equal change in groundwater elevation for 
the period from summertofall in 1949, which differentiated characteristicpositive changes in 
levels in theconfined aquiferfrom characteristicnegative changes inthe unconfined aquifer. 
(Note that the described pattern in the confined aquifer is not supported by the long-term 
hydrograph shown on Figure 3-30 orother supporting hydrographs in Sokol (1964). The 
described pattern is more typical of agricultural areas, where irrigation pumping peaks around 
July and groundwater levels begin to rise after peak pumping. In addition to theforegoing 
criteria, the SWRCB noted the limits of the area within which artesian wells were reported in 
Clark (1924). Finally, the area over which land surface subsidence occurred between 1933 and 
1948 was considered. The area of subsidence is related to thezoneof confined aquifer, 
assuming thatground surface lowering has resulted from compaction ofthe confining clay 
layers under reduced hydrostatic pressures. Theforegoing considerations resulted in several 
lines of demarcation between confined and unconfined zones, which agreed within reasonable 
limits. SWRCB concluded that evidence indicated that the confined aquifer may extend beyond 
the limits defined in their investigation. 

For this current assessment, focus was given to definition of the division between confined and 
unconfined conditions in order to accurately delineate the recharge area available for surface 
recharge IPRfacilities. Thecriteria used include SWRCB (1955)defined confined and unconfined 
areas discussed above, recent observed artesian conditions, thicknessand extent of confining 
layers in cross sections, and the response of pumping test. Wells that exhibit artesian 
conditions are shown in Figure 3-35. The wells showing artesian conditions are in the confined 
aquiferasdefinedbytheSWRCB(1955). Reviewofthe map indicates noartesian wells in/or 
close to the division ofthe confined/unconfined areas thatwouldhelpfurtherdifferentiate the 
two areas. The City’s Mataderoand Fernando wells, 06S03W11B010, and 06S02W28N002 are 
located close to the SWRCB confined/unconfined boundary (see Figure 3-29); however, 
because the Mataderoand Fernando wellsand 06S03W1 IBOIOare screened both in the 
unconfined and confined aquifers, they are not expected to exhibit artesian water levels due to 
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the mixed influenceofgroundwaterlevelsfrom multiple aquifers. However, the Mataderoand 
Fernando well groundwater levels doapproach very close to thegroundsurfaceas shown in 
Figure 3-33 indicating likely confined conditions at depth. Well 06S02W28N002 is screened 
solely in the confined aquiferandyetdoesnotshowartesian conditions; this indicates thatthe 
rechargeareamightbeextendintothisarea.AsthiswellislocatedinLosAltos,itdoesnothelp 
define a larger area to site surface recharge facilities. 

Examination of cross sectionscrossingtheSWRCB confined/unconfined divide shows numerous 
alternating course- and fine-grained units or lenses making it difficult to characterize confined 
and unconfined conditions based solely on lithology. 

The pumping test conducted in Stanford Well No. 4R and the responses of observation wells at 
considerable distance from the pumping well indicate that the pumping and observation wells 
are located in the confined portion of the subbasin, consistent with the SWRCB interpretation. 

Based on this analysis, the data do not justify any change in the SWRCB-defined 
confined/unconfined areas. As shown on Figure 3-31 , the boundary between the recharge 
(unconfined) and confined zone in the San Mateo Subbasin is not shown (ending abruptly at the 
Santa Clara Subbasin boundary with the San Mateo Subbasin). This is because the boundary has 
not been defined in the literature and previous studies of the area and the analysis from this 
study were inadequate to define the boundary, noting thatthe data and supporting studies in 
the San Mateo Basin are considerably more limited compared with the Santa Clara Subbasin. 

3.3 Subsidence History 

Land subsidence is the settling or sinking of the Earth's surface due to compaction of sediments 
in the subsurface. The Santa Clara Plain area is vulnerableto land subsidence with about 13 
feet of land subsidence observed in San Jose between 1915 and 1969 due togroundwater 
overdraft (Poland, 1971, Poland and Ireland, 1988). Serious problems developed as a result of 
land subsidence, including flooding of lands adjacentto San Francisco Bay, decreased ability of 
local streams to carry away winter flood waters, and damage to utilities and infrastructure. This 
necessitated theconstructionofadditionaldikes, levees, and flood controlfacilitiesto protect 
properties from flooding (SCVWD, 2016b). 

Significant land subsidence was essentially halted across the Santa Clara Plain by about 1970 
through expanded groundwater management programs including increased importation of 
surface water sources and implementation of groundwater recharge projects (SCVWD, 2016b) 
that reduced groundwater pumping and allowed groundwater levels to recover. 

Land subsidence is caused by the subsurface deformation of sediments and includes both an 
elastic and inelastic component. Of these two, the inelastic deformation is the primary cause of 
concern. Thefollowing provides a briefdescription ofthese two componentsofdeformation: 

• Elasticdeformationoccurswhensedimentgrainscompressasporepressuresdecrease, 
butthen expand by an equal amountwhen pore pressures increase again. Because 
elasticdeformation is relatively minorandfully recoverable, itseffectsare negligible. 

• Inelastic deformation, or compaction, occurs when the sediment grains rearrange into a 
tighter configuration that reduces the volume of the affected sediment layer. The 
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volumetric compaction of the subsurface sediments leads to the sinking of the overlying 
ground surface. Inelastic deformation does not recover as pore pressures increase so its 
effects are permanent. 

Land subsidence may occurasaresultof chroniclowering ofgroundwaterlevels (overdraft) 
due to pumping. During pumping, declining water levels lowerthe water pressure within the 
pore space (pore pressure) of the sediments forming the aquifer. Because the pore pressure 
helps to support the weight of the overlying aquifer, decreasing the pore pressure causes more 
of the overlying aquifer weight to be transferred to the sediments grains. Inelastic deformation 
is initiated iftheoverlyingaquiferweight (effective stress) exceeds the structural strength of 
the subsurface sedimentlayer. 

Sediment type also strongly controls the potential magnitude and type of compaction. Coarse¬ 
grained deposits (e.g. sand and gravels) generally have sufficient intergranular strength so that 
inelastic deformation is negligible. Fine-grained sediments, primarily clays, are the most highly 
compressible sediments and are the most susceptible to compaction. Poorly consolidated clay 
layers, such as bay muds or lakebed deposits, may have the potential for several feet to tens of 
feet of compaction. Inelasticcompaction is permanentand remains even after water levels 
recover. 

Land subsidence is initiated when compressible clay layers are subjected to an effective stress 
beyond their previous maximum stress. With respect to pumping, this generally occurs when 
groundwater levels decline past historical low levels. In general, sediments have already been 
compacted in responseto previous maximum stress; however, in the caseofsome thick clay 
layers, there may be time lag such that some residual compaction may occur after reaching the 
previous maximum stress. 

Figure 3-36 shows the distribution of land subsidence within the Study Area between 1934 and 
1967 (Poland and Ireland, 1988, Metzgerand Fio, 1997). As shown on Figure3-36, land 
subsidence in the Study Area during this time ranged from about 7feet in Mountain View, 4 
feetinPaloAltotolessthan0.5footinMenloPark,AthertonandRedwoodCity.Areasalong 
the western basin margin, including Los Altos and Atherton, have limited to no land subsidence 
due to the lack of compressible clay layers. 

Historical lowgroundwater levels occurred in theStudy Area in theearly 1960s ranging from 
about 100 to 140 feet below sea level in Mountain View and Palo Alto, respectively. It is 
estimated that total annual pumping in the area amounted to approximately 7,500 AFY prior to 
1962, most ofwhich occurred in vicinity of Palo Alto (Sokol, 1964). In the 1960s, groundwater 
pumping declined with importation of Hetch-Hetchysuppliesand conversion of agricultural 
lands to urban land uses that use less water. Since then, groundwater levels have recovered to 
pre-pumping levels. As a result, no significant additional land subsidence has occurred in the 
Study Area since the mid-to-late 1960s. However, a 1991 study identified the potential for an 
additional 8.5 feet of land subsidence in the Study Area (Geoscience, 1991, SCVWD, 2016b). 

Satellite Interferometric Synthetic Aperture Radar (InSAR) has also been used to monitor 
subsidence in the region. InSAR is a relatively new technique allowing measurement and 
mapping of changes on the Earth's surface as small as a few millimeters (mm). To evaluate 
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seasonal and multi-yeardeformation patterns in Santa Clara Valley, the USGS used European 
Observation Satellites (EOS) five-year InSARdata from September 1992 through August 1997. 
Thedata showed small amounts (5to 10 mm) of regional upliftthat corresponded with water- 
level recovery throughout the Santa Clara Valley. An eight-month interferogram (January to 
August 1997)showed seasonalsubsidenceofabout30mm (1.2 inches)nearSanJosethat 
corresponded to about a 30-foot decline in water levels. In the Study Area, significantly smaller 
seasonal declines were noted (Galloway, etal.,2000; Bawden, etal.,2003). 

3.4 Basin Water Balance 

3.4.1 Methodology 

Average annual water balances for the Study Area under current and historical conditions were 
developed by quantifying individual inflows and outflows that reflect both natural processes 
and the effects of urbanization. Historical water balances from the early 1930s and early 1960s 
were compiled from previous studies. Although those water balances were for a sub-region of 
the Study Area; the San Francisquito Creek Cone area as delineated by Killingsworth and Hyde 
(1932) and the San Francisquito Creek Basin as defined by Sokol (1964), they reflected periods 
of much more intensive use of groundwater. Consequently, the historical water balances shed 
more light on yield than the currentwater balance with its relatively small amount of pumping. 
A variety of methods was used toquantify the individual Study Area inflowsand outflows for 
the contemporary water balance. This included use of a recharge simulation model that 
produced estimates of rainfall recharge, irrigation and irrigation return flow. The program 
calculated those estimates for numerous small recharge zones and also allocated recharge from 
pipeleakstothezones.Thedetailsoftherechargezonedelineationandhydrologicprocess 
simulationaredescribed below.Thewaterbalanceestimates presented inthissectiondonot 
include estimates obtained from the groundwater flow model described in Section 4.4, which 
for some budget items produced more reliable estimates. Those budget items include 
percolation to and from streams, groundwater flow to and from San Francisco Bay, and 
subsurface flows across Study Area boundaries. See Section 4.4 for details of the model water 
balance and a discussion of vertical flow between the shallowand deep aquifers within the 
Study Area. 

3.4.2 Water Balance in the Early 1930s 

Astudyofgroundwaterconditions in the San Francisquito Cone area wascompleted by two 
Stanford geologists in 1932 (Killingsworth and Hyde, 1932). As described by Killingsworth and 
Hyde (1932), the San Francisquito Cone included the territory from Atherton on the northwest 
to Mayfield on the southeast; from the base of the low hills on the southwest to the waters of 
San Francisco Bay on the northeast; in all a total area of 20 square miles. The Killingsworth and 
Hyde(1932)ConeareadiffersfrommorerecentdelineationsoftheSanFrancisquitoCreek 
Alluvial Fan (DWR, 1967; Metzger, 2002) and more closely conformed to the Sokol (1964) San 
Francisquito Creek Basin area as shown Figure 3-10. 

Groundwater levels near Palo Alto and Stanford had been declining rapidly since 1916 due to 
increased pumping and drought. Based largely on geologicevidence, they conceptualized the 
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groundwater system as having a shallow and deep zone. These were separated by thick clay 
confining layersthatwere presumed toallownegligibleamountsofdownward leakage. The 
confining layers extended from San Francisco Bay inland to about midway across the Stanford 
campus. Between the western edge ofthe confined area and the western edgeofthealluvial 
deposits, the shallow and deep zones were connected. This “forebay” area was considered the 
primary opportunity for recharge ofthe deep zone. However, rainfall infiltration and 
percolation from San Francisquito Creek were both estimated to besmall. By a process of 
elimination, rather than by a lake water balance, Lake Lagunita was deduced to be “the largest 
contributor to our underground water supply”. 

Table 3-3 presents the water balance described by Killingsworth and Hyde. The table includes 
all ofthe items included in the contemporary water balance tabulation, even though most of 
them were not specifically addressed by Killingsworth and Hyde. Theauthors completed an 
extensive inventory of wells and pumping and estimated total pumping from the San 
FrancisquitoConetobe7,218AFY.Theauthorsdidnotcalculatetheannualrateofstorage 
depletion, but using numbers they presented foraverage water-level decline and average 
specificyield, an estimateofl,890AFYcan be calculated (and is included in thetable). This 
leaves an imbalance of 5,328 AFY, which is far too large to be accounted for by percolation from 
Lake Lagunita. For example, diversions from San Francisquito Creek to the lake were gaged 
during 1931-1941 and averaged 1,198 AFY. Runoff from the 321 -acre local watershed tributary 
to Lake Lagunita generated approximately 158 AFY of additional inflow based on a correlation 
with gaged flows in Sharon Creek (a watershed of similar size and lowelevation in western 
Menlo Park). Afterallowingforevaporation losses, these inflows produced on average about 
1,017 AFY of groundwater recharge. This leaves a budget imbalance of 4,311 AFY that could 
have derived from groundwater inflow or underestimation ofthe aforementioned recharge 
sources. 


3.4.3 Water Balance in the Early 1960s 

Groundwaterelevations in the San Francisquito Cone area recovered some during 1938-1944 as 
a resultofthe availability of imported waterfrom San Francisco’s Hetch-Hetchy system and 
several wet years. Beginning in 1945, however, pumping again exceeded recharge and 
groundwater levels steadily declined through 1962 (Figure 3-30). In 1962, the City of Palo Alto 
switched its entire water supply from groundwaterto imported water. Given thatthe City had 
been the largest pumper in the San Francisquito Cone area, water levels rapidly recovered 
thereafter (see Figure3-30). Daniel Sokol, ageologygraduate student, completed his PhD 
dissertationonthehydrogeologyoftheSanFrancisquitoCreekwatershed and “Alluvial Fan” 
area (Sokol, 1964). Sokoldevelopedawaterbalancesomewhatmorecompletethantheone 
developed by Killingsworth and Hyde (1932); this is reproduced in Table 3-4. It reflects recharge 
and pumping conditions ofthe 1950s through 1962. 
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Table 3-3 Early 1930s Average Annual Water Balance (Killingsworth and Hyde, 1932) 


Inflow or Outflow 


San 

Francisquito 

Cone(AFY) 3 


Source 


Inflows 


Deep percolation through soils 



Rainfall - runoff from impervious areas 

0 

Rainfall recharge assumed negligible (page 33). 

Rainfall - nonirrigated areas 

0 

Rainfall recharge assumed negligible (page 33). 

Irrigated areas 

0 

Rainfall recharge assumed negligible (page 33). 

Pipe leaks 



Water 

n.m. 


Sewer 

n.m. 


Stream percolation 



San Francisquito Creek 

"small" 

"No appreciable effect" of creek percolation on deep aquifer recharge (p.; 

San Mateo County creeks 

n.m. 


Santa Clara County creeks 

n.m. 


Lagunita percolation 

1,017 

Described by authors as "the largest contributor to our underground watc 
supply", but not quantified. The value shown here equals average gaged 
diversions from SF Creek WY 1931-1941 plus average annual runoff frc 
Lagunita's321-acre local watershed scaled by drainage area from gaged flc 
for Sharon Creek in Menlo Park (243-acre watershed), minus 25% for 
evaporation. 

Bedrock inflow 

0 

Blocked by Pulgas or "Stanford" Fault 

Groundwater inflow from Santa Clara Plain 

n.m. 


Groundwater inflow from SF Bay/Niles Cone 

n.m. 


Groundwater inflow from San Mateo Plain 

n.m. 


Clay compaction yield 

n.m. 

Note that applying the average 1912-1934 subsidence in the eastern 2/3 of 
Cone (1.3 ft, from Poland and Green, 1963) divided into 18 years (1917-193 
when water levels declined the most would produce a clay compaction yie 
of 616 AFY. 

Total inflows 6 

1,017 



Outflows 


Wells 



Water supply 

7,218 

p. 65 

Remediation 

n.m. 

Presumably zero. 

Dewatering 

n.m. 

Probably close to zero. 

Riparian/wetland evapotranspiration 



Groundwater seepage to 



Sanitary sewers 

n.m. 

Possibly close to zero due to low groundwater levels. 

Creeks and storm drains 

n.m. 

Possibly close to zero due to low groundwater levels. 

Groundwater outflow to Santa Clara Plain 

n.m. 


Groundwater outflow to SF Bay or Niles Cone 

n.m. 


Groundwater outflow to San Mateo Plain 

n.m. 


Total outflows 6 

7,218 



Storage Change 


Inflows minus outflows 



Estimate from change in water levels 


Subtracted contoured 1916and 1932waterlevelswithinSFCone. Multiplie 
volume by Sy=0.0564 and divided by 16 years to estimate 1,890 AFY of 
storage depletion. 
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Table 3-4 Early 1960s Average Annual Water Balance (Sikol, 1964) 



San 

Extrapolation to 



Francisquito 

Groundwater 



Creek Alluvial 

Study Area 


Inflow or Outflow 

Fan (AFY) a 

(AFY) 

Sources and Notes 


Inflows 


eep percolation through soils 




Rainfall - runoff from impervious areas 

n.m. 

1,500 

Study area estimate = (non-tidal basin area)(% impervious)(annual rain minus inte 
and depression storage)(% of impervious that is disconnected) 

Rainfall - nonirrigated areas 

25 

2,000 

SF Cone forebay area only (Sokol [1964] Table 19). Study Area estimate = (non-tid 
Study Area)(% non-irrig)(1-D rainfall recharge on non-irrigated vegetation) 

Irrigated areas 

38 

1,700 

SFConeforebayareaonly(Sokol[1964] Table 19). Study Area estimate assume! 
non-tidal part is irrigated with 34-40 in/yr applied water and 90% irrigation efficie 
Including rainfall recharge brings total recharge to 13.06 in/yr. 

pe leaks 




Water 

n.m. 

1,500 

For Study Area: muni water use = double the Palo Alto + Menlo Park use; assume 
leak rate. 

Sewer 

n.m. 

300 

For Study Area: estimate indoor use = 40% of total use; assume 5% leak rat 

ream percolation 




San Francisquito Creek 

658 

700 

Sokol (1964) text p. 90 and Tables 13 and 19. 

San Mateo County creeks 

113 

200 

Sokol (1964) Table 19, divided equally between the two counties. Assumes all sit 
recharge is in the "forebay" area. Study Area estimate assumes Sokol's Alluvial F 
included Atherton Creek and Matadero Creek. It adds contem porary estimate of 
from other small creeks. 

Santa Clara County creeks 

114 

2,900 

agunita percolation 

710 

700 

Sokol (1964)Table 19. For Study Area, estimate is 3 times greater, in proportion 

edrock inflow 

35 

100 

Sokol (1964)Table 19. For Study Area, estimate is 3 times greater, in proportion 
western boundary. 

roundwaterinflowfrom Santa Clara Plain 

654 

0 

Sokol (1964) pp. 84 and 90 mentioned as possible but did not quantify. The estim 
here equals the remainder needed to reach Sokol's total estimated recharge of 3 
(divided equally between San Mateo and Santa Clara Plains). Study Area estima 
groundwater elevation contours indicate groundwater flow is parallel to the S 
boundary. 

oundwater inflow from SF Bay/Niles Cone 

small 

200 

Sokol: Saltwater intrusion restricted by clay layers. Mostly where clays are penet 
long-screen wells or "broken" by stream incision, (p. 178). Study Area estimate is 
number that recognizes the presence of landward gradients combined with a 
percentage of clay and poor connection with the Bay. 

roundwater inflow from San Mateo Plain 

654 

0 

See note for "Groundwater Inflow from Santa Clara Plain". 

lay compaction yield 

n.m. 

1,400 

Not mentioned specifically by Sokol (1964). Study Area estimate equals average 
subsidence over eastern 2/3 of the Alluvial Fan (0.8 ft, from Poland and Green, 1£ 
into 20 years and increase by factor of 4 to account for the additional area inside 
Area but south of the Alluvial Fan and the larger amount of subsidence south of 1 
(Poland and Green, 1963). 

rial inflows 13 

3,000 

13,200 

Sokol p. 90: equals pumping (7,500 AFY) minus storage depletion (4,500 AF 


Outflows 


ells 




Water supply 

7,500 

15,000 

Sokol p. 90:5,500 AFY by City of Palo Alto upto 1962; 920 AFY by Stanford; 920 
others. He rounded upto 7500 AFY. ForStudyArea, estimate is double the Alluvie 
estimate based on 1960 census population distribution. 

Remediation 

0 

0 

Presumably zero. 

Dewatering 

0 

0 

Probably close to zero due to low groundwater levels. 

iparian/wetland evapotranspiration 

n.m. 

500 

Assume same as existing condition 

roundwater seepage to 




Sanitary sewers 

n.m. 

1,000 

Area near the Bay was nearly as developed in 1960 as it is today. Deep water le> 
much lower, shallow levels probably were lower, too. Assume a flow equal to ha 
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TheSokolstudyarea,referredtoastheSanFrancisquitoCreekBasinorSanFrancisquito 
Alluvial Fan was described as including parts of Palo Alto, Menlo Park, Atherton, and Redwood 
City and most ofthe land ofStanford University encompassingan area of21.6squaremiles. 
The approximate Sokol (1964) study area is shown on Figure 3-10. The Sokol study area was 
similarto,butslightlylargerthantheareaused byKillingsworthandHyde(20squaremiles). 
The water budget carried forward theassumptionofKillingsworth and Hyde that recharge to 
thedeepzonedoesnotoccurintheconfinedpartofthegroundwatersystem. ExceptforSan 
Francisquito Creek percolation, Sokol’s estimates of recharge were for the “forebay” part of the 
Alluvial Fan. Pumping, on the other hand, was forthe entire Alluvial Fan. Compared to the 
Killingsworth and Hyde budget, Sokol’s budget had similarly negligible amounts of rainfall and 
irrigation recharge but included an explicit estimate of recharge from Lake Lagunita and a more 
generous estimate of creek recharge (885 AFY). 

Sokol calculated that storage depletion amounted to 4,500 AFY, which supplied over half of the 
estimated 7,500 AFY of pumping. Groundwater yield from compaction of clays during 
subsidence was notmentioned by Sokol. Groundwaterinflowwasimplicitly the residual in his 
water budget but “storagefrom adjacent areas” was mentioned only in passing and without 
quantification. In Table 3-4, the residual of Sokol’s alluvial fan water budget was divided equally 
into groundwater inflow from the north and south. 

An estimateofthe waterbalance forthe entire Palo Alto IPRStudyArea in theearly 1960s was 
developed to estimate yield at a time when pumping greatly exceeded contemporary pumping 
and water levels were declining. The result is shown in a separate column in T able 3-4. The 
study area waterbalance was developed partly by extrapolating Sokol’sflowestimatesfrom 
the San Francisquito Creek Alluvial Fan to the larger Study Area, and partly by including some 
flow items from the contemporary water balance that were not explicitly tabulated by Sokol. 
ThetotalStudyAreaisaboutthreetimeslargerthanthealluvialfan,andtheonshore,nontidal 
parts ofthe two regions differ by a similar ratio. Accordingly, the Study Area water balance 
would be expected to be several times largerthan the San Francisquito Alluvial Fan water 
balance. Forrainfall recharge and deep percolation of applied irrigation water, methods used 
forthe contemporary water balance (see Section 3.4.4) were applied to estimated impervious, 
irrigated and non-irrigatedareasasof1962. Waterpipe leaks wereassumedtoequal10%of 
annual waterdeliveries, which forthe Study Area were assumed toequal twice the amountof 
municipal pumping by the City of Palo Alto (based on local city populations reported in the 1960 
census). The sewerpipeleakratewasassumed toequal halfthewaterpipeleakrateand was 
applied to indoorwateruse (estimated to equal 40% of total municipal water use). Historical 
water-level declines and subsidence increased from Menlo Park toward San Jose. 

Part ofthe yield in the early 1960s was water released by clay layers as they compacted during 
subsidence. Poland and Green (1962) showed an averageofabout0.8foot of cumulative 
subsidence over the eastern two-thirds of the San Francisquito Cone area during 1934-1954. 
This corresponds to 340 AFY of water released from clays during that period. Average water- 
level declines in the part of the Study Area south ofthe San Francisquito Creek Alluvial Fan 
were similar to the declines within the Fan (Poland and Ireland, 1988), but subsidence was two 
to three timesgreater(Poland and Green, 1962). Storage depletion in theStudyArea was 
assumed to be proportional to water-level decline. The Study Area region south ofthe San 
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FrancisquitoCreekAlluvial Fan isaboutthesamesizeasthefan itself, sotheAlluvialFan 

estimateofclaycompactionyieldwasscaledupbyafactoroffourtoobtaintheStudyArea 

estimate. 

Groundwater pumping in the StudyArea was estimated to be double the amount in the Sokol 
study area, based on 1960 population data. Evapotranspiration by riparian vegetation was 
included as an outflow (ratherthan subtracted from stream recharge) and was assumed to 
equal the contemporary flow. Ground waterflows across the northern, eastern and southern 
boundaries ofthe StudyArea aredifficulttoestimatedueto sparseand variable water-level 
contour information and uncertain aquifer thicknesses and hydraulic conductivities to associate 
with the water-level gradients to obtain estimates of flow. For lack of clear evidence to the 
contrary, the budgettable lists theseflows as zero exceptfor200AFY of inflowfrom the east 
(reflecting clearly westward water level gradients but lowaverage hydraulic conductivity). 

Forthe StudyArea water balance, average annual outflows exceeded average annual inflows by 
5,500AFY. Aseparate estimate based on water-level declines was9,000AFY. The latter 
estimate was simply double Sokol’s estimate forthe Alluvial Fan area. All items in the water 
balance and the factors in the water-level estimate of storage change are subject to 
uncertainty. The discrepancy between the storage change estimates indicates that substantial 
errors are present in the calculations. It is not clear which details are in error, however. The 
difference between pumping and storage depletion can provide a rough estimate of operable 
yield. lfnootherbudgetitemsrespondedtoadecreaseinpumping,theestimateofoperable 
yield would be 6,000 to 9,500 AFY. However, all head-dependent flows change in response to 
pumping, not just the storage change. A reduction in pumping would raise water levels, which 
would tend to decrease groundwater inflows, decrease percolation from streams and increase 
groundwaterdischarge into streams. All ofthose changes would diminish yield. Thus, the 
amountof pumping associated with no long-term decrease in storage would be less than the 
6,000 to 9,500 AFY range. This adjustment cannot be estimated without tools that account for 
groundwater hydraulics, such as a groundwater flow model. 

3.4.4 Contemporary Water Balance 

A water balance was prepared representing average annual groundwater inflows, outflows and 
storagechangesunderland useandwateruseconditionspresentin2017. Compared tothe 
historical water balances, the contemporary water balance has relatively little groundwater 
pumping and relatively high groundwater levels. The contemporary water balance is the 
starting point for flow modeling scenarios for future groundwater development and 
management feasibility analysis. Also, differences between the contemporary and historical 
water balances provide useful information for estimating theoperableyield available under 
future conditions. 

3.4.4.1 Recharge Zones 

A recharge simulation model was applied to the entire watershed area of all streams that cross 
the San Mateo Plain and Santa Clara Plain Subbasins in addition to the subbasin areas 
themselves. This provided estimatesofstreamflowandsubsurfaceflowenteringtheStudy 
Area based on water balance calculations for tributary watershed areas. It also enabled correct 
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accounting for mass balance in water service areas and wastewater sewer areas, many of which 
extend beyond theStudyAreaboundary intotributary watershed areasand adjoining partsof 
the subbasins. 

A total of 740 individual recharge zones were delineated by overlaying the geographic 
distributions of the following factors in GIS: 

Groundwater basin. The unconsolidated deposits in the San Mateo Plain and Santa Clara 
Subbasins are bounded to the southwest by upland terrain underlain by consolidated rocks. The 
edgeoftheSubbasin materials isthe basin boundary delineated in DWR Bulletin 118.Forthis 
water balance analysis, the San Francisquito Creek alluvium upstream of the Pulgas Fault (near 
Alameda de las Pulgas) is considered part of the upland region because groundwater outflow 
from thatalluvium becomes surfaceflowin San FrancisquitoCreekwhereitcrossesthefault. 
The Bay plain groundwater subbasin areas were further divided along the inland extent of tidal 
marshes as of 1873. Although aquifers containing fresh groundwater extend east beneath the 
marshes, any “recharge” in that area that area would actually accrue to the Bay via tidal 
channels in the marshes. 1873 is the dateof the oldest detailed map of the pre-development 
extent of tidal marshes (State Geological Survey of California, 1873). 

Watersheds. The locations of watersheds tributary to or within the Study Area (Figure 3-3) were 
used primarily for subtotaling recharge results by watershed. 

C/'fytoundar/es.Theboundariesofcitiesandunincorporated areas (Figure3-5) were used 
primarily for subtotaling recharge results by city. 

Water purveyor service areas. Eleven water purveyors deliver waterto retail customers in the 
Study Area. Theirservice areas are shown in Figure 3-37. Information from urban water 
managementplans(UWMPs)forindividualpurveyorswasusedtoestimategroundwater 
rechargefromwaterand sewerpipe leaks. Rechargezoneswithin each service area were 
assigned pipe leak recharge rates based on the area and density of development in the zone 
relative to the average density for the service area. 

Wastewatercollection areas. The StudyArea includes partsof six sewerserviceareasthat 
convey wastewater to three wastewater treatment plants, as shown on the map in Figure 3-38. 
Metered flow data are available for some of the wastewater collection areas and were 
evaluated for indications of groundwater infiltration. 

Land use. Land use categories and a map of land use relative to hydrologiccharacteristics 

(Figure 3-4) were discussed in Section 3.2.5. 

Rainfall. Some of the recharge zones delineated on the basis of the foregoing variables were 
quite large and spanned a wide range of annual rainfall. These large zones were divided along 
rainfall isohyets (Figure 3-2) to span a range of no more than about two inches peryear of 
average annual rainfall. 

Intersecting these variables in GIS resulted in hundreds of tiny sliver polygons where similar 
polygon edges among the various layers did not quite match up. Polygons less than about five 
acres in size were merged with adjoining larger polygons. 
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3.4.4.2 Study Period 

The contemporary water balance represents the average annual groundwater balance in the 
Study Area under current land use and water use conditions. The various sources of data used 
todevelopthewaterbalancehavedifferentperiodsofrecordand/ormonitoring intervals. For 
some variables, such as bedrock inflow, attempting to develop a historical time series with 
monthly oreven annualtimesteps would be speculativeatbest, and long-term average rates 
were used for all time periods. The recharge simulation model simulates rainfall, interception, 
runoff, evapotranspiration, irrigation and deep percolation on a daily basis. Thetwo transient 
inputdatasetsarerainfallandETo.Forthisstudy,completedailytimeseriesweredeveloped 
for calendar years 1985-2014 by correlation among stations. The cumulative departure plots of 
annual rainfall at Redwood City and San Jose shown in Figure 3-39 indicate that average annual 
rainfall during 1985-2014 was 97% of the long-term average for Redwood City and 103% of the 
long-term average for San Jose. Thus, that period is reasonable for estimating rainfall-related 
recharge flows. 

The extent of urban development in the Study Area has been fairly stable over the past 10 
years, although infill development occurs atagradual rate. Accordingly, estimatesof 
impervious area, irrigated area and pipe leaks based on data from that period reasonably 
represent current conditions. 

3.4.4.3 Inflows 

The estimated average annual water balance of the Study Area under current land and water 
use conditions is shown in Table 3-5. The assumptions, data and calculations used to quantify 
each flow item are described in the following sections. 

3.4.4.3.1 Rainfall Percola tion 

Each recharge zone was divided into three land cover categories expressed as percentages of 
the total zone area: impervious, irrigated and non-irrigated. In non-irrigated areas, rainfall is the 
only source of soil moisture. Rainfall infiltration into the soil was calculated by subtracting 
interception and runoff lossesfrom rainfall. Interception ranged from 0.00 inch for industrial 
and vacantareas with little vegetative coverto0.08 inch forland uses with predominantly tree 
cover(Maidment, 1993). This loss wasappliedtoeach day in which rainfall occurred. Rainfall 
was extrapolated to individual zones from the Redwood City and San Jose gages based on the 
ratio of average annual rainfall atthe zone location to average annual rainfall at the gage. 
Runoff was calculated using a stepwise linear function. Runoff was assumed to be zero below a 
specified threshold of daily rainfall, above which a specified percentage of the additional rainfall 
was assumed to infiltrate. Infiltration was also capped at a maximum daily amount, with any 
excess rainfall becoming runoff. Runoffthresholds ranged from 0.3 inch in industrial areasto 
0.8 inch on turf areas. For any excess rainfall, infiltration ranged from 70% in industrial areasto 
90% in residential areas. Infiltration was capped at 3 inches per day. The values of these 
parameters were merged from separate similaranalyses of recharge in the Santa Clara 
Subbasin and San Mateo Plain Subbasin (Todd, 2016; EKI etal., 2017). 
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Table 3-5 Contemporary Average Annual Water Balance 



Groundwater 






Study Area 

Plausible Range 


Period of 


Inflow or Outflow 

(AFY) a 

(AFY) 

Location 

Data 

Source 


Inflows 


)eep percolation through soils 






Rainfall - runoff from impervious areas 

2,300 

1,100 to 3,400 

By rechage zones 

1985-2014 

Recharge zone simulations. Runoff from impen 
surfaces to adjacent pervious soils. 

Rainfall - nonirrigated areas 

1,500 

700 to 2,300 

By rechage zones 

1985-2014 

Recharge zone simulations. 

Irrigated areas 

5,800 

2,900 to 8,700 

By rechage zones 

1985-2014 

Recharge zone simulations. Includes rainfall re 
irrigated areas. 

>ipe leaks 




1985-2014 


Water 

1,800 

900 to 3,600 

By purveyor 

1985-2014 

Estimated real loss percentages per purveyors' 
UWMPs, pro-rated to service area within IPR Stu 
adjusted forevapotranspiration losses. 

Sewer 

400 

200 to 800 

By purveyor 

1985-2014 

Indoor use for individual purveyors estimated b 
water use curve separation. Sewer leak rate ass 
water pipe leak rate. 

>tream percolation 






San Francisquito Creek 

1,100 

700 to 1,500 

Below Pulgas Fault 

1997, 2017 

Metzger (2002) and 2017 measurements. 

San Mateo County creeks 

100 

50 to 300 

Unlined reaches 

2016-2017 

Extrapolation of streamflow losses measured or 
6/12/17 to long-term average values. 

Santa Clara County creeks 

3,100 

2,000 to 4,200 

Unlined reaches 

2016-2017 

Extrapolation of streamflow losses measured or 
6/12/17 to long-term average values; plus 1,42C 
percolation releases by SCVWD along Stevens ( 

.agunita percolation 

400 

200 to 600 


2002- 

present 

Reflects operations since 2002 (for habitat, not 

bedrock inflow 

900 

300 to 1,500 

Western Study 
Area boundary 

1985-2014 

Average annual total recharge in zones adjacenl 
not near creeks. 

Groundwater inflow from Santa Clara Plain 

0 

0 to 2,000 


2016-2017 

Groundwater elevation contours parallel to Bay 
assessment of historical contour maps prepare 
District, for the San Mateo Study, and prepared t 
presented herein in Figures 3-25 through 3-28. T\ 
represent the end of an extended dry period (Fal 
a very wet period (Spring 2017). 

Sroundwater inflow from SF Bay/Niles Cone 

0 

Oto 1,000 


2010-2017 

Assumed. Shallow and deep water-level gradienl 
2016 and 2017 were toward San Francisco Bay. 

Groundwater inflow from San Mateo Plain 

0 

0 to 300 


2010 

2010 contours from San Mateo Plain study wer 
perpendicular to boundary line. 

^lay compaction yield 

0 

Oto 100 


1985-2014 

Water levels now much higher than historical lo 
assume no subsidence. 








Outflows 


Veils 






Water supply 

5,500 

4,000 to 7,000 


2005-2014 


Remediation 

1,100 

900 to 2,500 




Dewatering 

1,600 

1,300 to 3,200 

By well 

2016 


liparian/wetland evapotranspiration 

500 
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The amount and type of impervious area strongly influence rainfall recharge. Total impervious 
area can be divided into "connected" and "disconnected" categories, which have opposite 
effects on rainfall recharge. Impervious areas are "connected" if runoff flows to a storm 
drainage system consisting of gutters, pipes and concrete channels that remove runoff from the 
Study Area with little opportunity for infiltration. Connected impervious areas decrease 
groundwater recharge. Impervious areas are "disconnected" if runoff flows to adjacent 
pervious soils and largely infiltrates. These areas tend to increase groundwater recharge 
because the runoff is focused into a relatively small pervious area, where the additional 
infiltration tends to rapidly saturate the soil moisture profile and initiate deep percolation 
below the root zone. Common examples include patios, walkways, sidewalks and roof 
downspouts that discharge to landscaping. 

Various methods are available to measure either total or connected impervious percentage of 
an urban area, and they all have limitations. Forexample, the percenttotal impervious area in 
17 San Mateo County watersheds was estimated by the San Mateo County Stormwater 
Pollution Prevention Program (2005) by delineating subareas with specific land uses on aerial 
photographs and assigning impervious percentages from tables compiled by the Association of 
Bay Area Governments (ABAG).Forsome categories, the impervious percentage wasobtained 
by digitizing all impervious surfaces on a single block from high-resolution aerial photographs. 
ThederivationoftheABAG percentageswasnotdiscussed, and aswithall remote-sensing 
methods, tree canopy can interfere with the delineation of impervious surfaces. There are also 
variations among differentareas with thesame land useand difficulties identifying land use 
from aerial photographs. This method obtains an estimate of total impervious area. 

Spectral analysis of reflected lightfor each pixel of a satellite image can also be used to 
estimate impervious area. The National Land Cover Dataset contains the estimated impervious 
percentage for 30 x 30-meter grid cells covering the entire continental United States 
( http://www.mrlc.gov/nlcd201 l.php ). This method produces estimates of total impervious 
area. The method applies spectral "fingerprints" developed from the statistical distributions of 
wavelengths in "training" areas. Errors arise from differences in spectral patterns between the 
training areas and the area of interest, and the method does not detect impervious areas 
beneath tree canopy (Xian, 2016). For example, total impervious area in residential areas with 
many mature trees, such as Atherton, would tend to be underestimated relative to impervious 
percentage inotherpartsoftheStudyArea. Inspection ofindividual pixel valuesin the Study 
Area revealed a largedegreeofvariability among adjacentpixels within areas thatwould be 
classified as having the same land use; however, averaging overan independently-delineated 
land use area could provide a reasonable estimate of total impervious area. 

Connected and disconnected impervious areas cannot be differentiated using remote sensing 
methods.Theamountofconnectedimperviousarea can be estimated if streamflowdataare 
availablefor rainfall runofffrom an urban catchment. In this approach, all runoff during small 
rain storms is assumed to be from impervious areas, and the volume of runoff for the storm 
event(usuallyonetothreedaysusingdailydata)iscomparedwiththevolumeof rainfall. This 
approach was applied to several suitable gaged valley floor subwatersheds in the Santa Clara 
Subbasin and totheColma Creek watershed in South San Francisco. For a groundwater model 
of the Santa Clara Subbasin, rainfall and runoff for about 20 small storm events were calculated 
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for four urban catchments. Land use within the catchments was delineated from aerial 
photographs, and the connected impervious percentages for each land use were adjusted by 
calibration to obtain the best possible match between simulated and gaged runoff across all of 
the catchments and storm events (Todd, 2016). Those percentages were used as initial 
estimates for the same land uses in the Study Area. 

Forthe San Mateo Plaingroundwaterstudy(EKIetal., 2017), land uses within thedeveloped 
part of the Colma Creek watershed were similarly delineated, and the linear relationship 
between rainfall and runoff for a range of small storm events indicated that connected 
impervious area covered 68% of the developed watershed area. Matching this overall average 
with percentages by land use (residential, commercial and vacant) required values much higher 
than the ones obtained from the Santa Clara Subbasin analysis. 

A possible explanation for the differing estimates of impervious percentage is that some rainfall 
runoff flows to sanitary or storm sewers, bypassing gages in creeks. In San Mateo, for example, 
the sanitary sewer system receives a substantial percentage of impervious area runoff. Aflow 
survey of 36 subareas in the sewer collection area forthe San Mateo wastewatertreatment 
plantfound that the percent of rainfall entering the sanitary sewer system ranged from 2 to 
88% of the rain falling on the entire sewered area, notjustthe impervious part of the sewered 
area (West Yost Associates, 2016). The area-weighted average over the entire sewered area 
was approximately 20% of total rainfall. This indicates thatthe amount of runoff entering the 
sanitary sewer system was of the same order of magnitude as runoff to creeks. Because rainfall 
inflow reflects the design and age of the sewer system, the results for the San Mateo 
wastewatertreatmentplantdo notnecessarily apply to impervious runoff in the entire Study 
Area. 

The Study Area straddles the Santa Clara and San Mateo Plain Subbasins. Forthisstudy, a single 
consistent set of recharge zones and parameters was developed for both subbasins, and resu Its 
were extracted fortheStudyArea.Parametervaluesfromthetwopriorstudies were selected 
oraverageddependingonthequality of supporting data and the water balance calibration 
results. Table 3-6 summarizes the estimates of total and connected impervious area by land use 
category and lists the values used in the recharge simulation model for this study. 

The recharge simulation model simulates soil moisture storage as a "bathtub" with a maximum 
storage capacity equal totheplantrootdepth multiplied bytheavailablewatercapacityofthe 
soil (which istexture-dependent).Arangeofavailable water capacity typical of sandy to clay 
loams (0.10 to 0.22 inch per inch, with mostvalues between 0.13 and 0.17) was assigned to 
recharge zones based on a partial soils map. Rootdepth represented an average overthe 
vegetated area given theestimated mix of planttypes and the rootdistribution beneath and 
between individual plants. Most urban irrigation is for lawns, for which a root depth of 18 
inches was assumed. For non-irrigated vegetation in urban areas a root depth of 72 inches was 
assumed. Forareasofnon-irrigated natural vegetation, rootdepthswereassumedtobe48 
inches for grass/weeds, 72 inches for brush, and 84 inches for trees. 
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Table 3-6 Impervious Land Cover Percentages 


Land Use Category 

Source of Data and Type of Imperviousness Measured 

Santa Clara 

Plain 

Runoff 3 

ABAG 

Table 15 

Colma 

Creek 

Runoff* 5 

San Mateo 

WWTP 

Inflow* 1 

National 

Land Cover 

Database 6 

Handbook 

of 

Hydrology 1 

Selected ValuesforSan MateoPlain 

Connected 

Total 

Connected 

Partial 

Connected 

Total 


Connected 

Discon¬ 

nected 

Total 

Natural vegetation - grass 

2 

1 

- 

- 

7 

- 

0 

1 

1 

Natural vegetation - brush 

- 

- 

- 

- 

1 

- 

0 

1 

1 

Natural vegetation - trees 

- 

1 

- 

- 

1 

- 

0 

1 

1 

Open water 

- 

0 

- 

- 

1 

- 

0 

0 

0 

Rural residential 

- 

10 

- 

- 

7 

- 

0 

15 

15 

Urban residential 

25 

47 

63 

20 

45 

50 

50 

5 

55 

Urban residential - lush 

- 

- 

- 

- 

15 

20 

39 

6 

45 

Urban commercial 

30 

93 

85 

20 

65 

85 

80 

5 

85 

Urban industrial 

30 

91 

- 

20 

61 

72 

80 

5 

85 

Urban vacant 

40 

66 

70 

- 

57 

- 

50 

10 

60 

Large turf areas 

- 

3 

- 

- 

0 

- 

0 

5 

5 


a -Comparison of rainfall and runoff in four catchments by Todd Groundwater (2016). 
b -ABAG table values cited in San Mateo Countywide Pollution Prevention Program (2002). 
c -Comparison of rainfall and runoff in Colma Creek watershed for this study. 
d-ComparisonofrainfallandWWTPinflowsbyWestYostAssociates(2016). 

e-SpectralanalysisofsatelliteimageryinSanMateobasin(Homeretal.,2007).30-meterpixelvaluesaveragedbylanduse. 
f-Textbook values in Handbook of Hydrology (Maidment, 1993). 

Values in table indicate percent of total land area that is impervious. 

ABAG-AssociationofBayAreaGovernments WWTP - wastewater treatment plant 
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Water consumed by planttranspiration was simulated by multiplying daily ETo by a crop 
coefficientthat reflects thedifference in wateruse between the vegetation and the reference 
well-watered turf (which defines ETo). In winter, when rainfall infiltration exceeds 
evapotranspiration, soil moisture increases. When simulated soil moisture exceeds the soil 
moisturestoragecapacity,theexcessisassumedtobecomedeeppercolation.lntributary 
watersheds, the deep percolation accrues to shallow groundwater storage that flows laterally 
and becomes stream base flow. For zones overlying the Study Area, all of the deep percolation 
wasassumed to becomegroundwaterrecharge. Average annual rainfall rechargeon non- 
irrigated lands and from disconnected impervious areas was estimated to be 3,800AFY. 
Recharge on irrigated lands within the Study Area averaged 5,800 AFY, which derived from a 
combination of rainfall infiltration and deep percolation of irrigation water. 

3.4.4.3.2 Irrigation Deep Percolation 

When simulated soil moisture in irrigated areas falls below a specified percentage, the recharge 
simulation model assumes an irrigation event occurs. Irrigation is assumed to fully replenish soil 
moisture storage. Becauseof non-uniformity ofapplication, however, irrigation is not 100% 
efficient. In ordertofully replenish soil moisture throughoutthe irrigated area, some locations 
will receive more than enough water, and the excess is assumed to become deep percolation. 
Because of the small, irregular shapes of typical irrigation zones in residential and commercial 
settings, sprinkler overspray and runoff are common. An overall efficiency of 75% was assumed 
for residential and commercial land uses, meaning only 75%ofthe applied water is actually 
transpired by plants. Studies have found that even lower efficiencies are common (Baum et al., 
2005;Xiaoetal., 2007; Kumaretal., 2009). The25%ofappliedwaternotconsumedbyplants 
wasassumedtobecomedeeppercolation(10%)andrunoffintostormdrains(15%). Forthe 
average annual water balance table, irrigation water use was averaged over the 32-year 
simulation period and summed for all of the recharge zones in the Study Area. 

For the San Mateo Plain groundwater study (EKI et al., 2017), the amount of irrigation 
estimated by the recharge simulation program was compared with a second estimate obtained 
by the curve separation method, which is an analysis of seasonal variations in municipal water 
use. In the month of minimum water use, usually February, all water is assumed to be used 
indoors, and irrigation is assumed to be zero. In northern California, this assumption is 
reasonably accurate. Furthermore, indoor use is assumed to be constant in all months, and the 
additional water use in March through January is assumed to be for irrigation. When this 
procedure was applied to 2004-2014 water use in eight purveyor service areas in the San 
Mateo Plain Subbasin, the resulting estimate of overall irrigation water use was within 0.2% of 
the recharge simulatorestimate and within 3%for each of the three largest purveyors. The 
similarity of the two estimates provides increased confidence in the values. 

Forthe Study Area, total irrigation estimated by the recharge simulation program was 13,300 
AFY, and deep percolation of applied water was approximately 2,000 AFY. This is included in the 
5,800AFY of deep percolation from rainfall and irrigation described in the previous section. 

3.4.4.3.3 Water and Sewer Pipe Leaks 

Water, sewerand storm drain pipes in urban areas leakto some extent, creating a source of 
recharge to the underlying groundwater system. Conversely, sewer and storm drain pipes can 
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gain flowfrom infiltration of groundwater where the watertable is high. Leaks are often small 
anddifficulttodetect. Ofthethreetypesof pipelines, municipal waterdistribution systems are 
typically the most studied and best maintained. Leak rates are relatively high because the pipes 
are pressurized, but leakdetection is relatively aggressive because the leakage can be a 
significant economic loss and leak detection is a best management practice for water 
conservation. One leak detection program audited 47 California water utilities and found an 
average loss of 10%, with a range of 30% to less than 5% of the total annual flow. Another 
study monitored water use at numerous individual residences in ten medium to large California 
water systems using data loggers, and itfound an average leak rateof 18% of the delivered 
volume (Aquacraft, 2011). A U.S. Environmental Protection Agency (USEPA) studyfound that 
"unaccounted forwater" (which includes incidental unmetered uses in addition to leaks) in the 
range of 10% to 20% of total volume delivered is normal (Lahlou, 2001). 

Large water purveyors are required to update their UWMPs every five years, and recent 
updates include breakdowns of unaccounted forwater into apparent and real losses. Apparent 
lossesare known unmetered usesofwater,suchasforfirehydrantsandwatermainflushing. 
All remaining unaccounted-for water is assumed to be leakage from the distribution system. For 
the twelve water purveyors whose service areas at least partly overlap the Study Area, 
estimated distribution system leakage (real, not apparent losses) ranged from 0.5% to 4.4% of 
delivered water. The water system leak rate is expressed as a percentage of flow because of the 
water-balance approach used to estimate it. However, it is actually independent of flow 
because the network of pressurized pipes would leakevenifallfaucetsandotheroutlets were 
turned off. 

Notall water pipe leakage becomes groundwater recharge. Because leaks generate soil 
moisture year-round at a slow, steady rate, it is very likely that substantial amounts of the 
waterare intercepted by tree roots, where treesare present. Forthewaterbalanceanalysis, 
trees were assumed to intercept one-third of the annual leakage, with the remainder becoming 
groundwater recharge. The estimated average annual groundwater recharge from water pipe 
leaks in the Study Area was 1,800 AFY and is broken down by month and purveyor in Table 3-7. 

Sewer pipes also leak, and the volume of leakage was estimated in a two-step process. First, as 
described above, indoorwater use was estimated by curve separation of monthly purveyor 
waterproduction.Almostallwaterusedindoorsleavesthebuildingaswastewaterin drains; 
only about 2% is consumed (Mitchell et al., 2001). Sewer leaks receive less attention than water 
pipe leaks, and few studies are available in the literature. Because sewer pipes are mostly 
gravity flow, and leaks probably self-seal to some extent due to clogging by solids and biofilms, 
the sewer pipe leak rate was assumed to be half the water pipe leak rate. Based on these 
assumptions, theaverage annualgroundwaterrechargefrom sewerpipe leaks in theStudy 
Area was estimated to be 400 AFY. Estimated groundwater recharge from sewer pipe leaks is 
listed by month and purveyor in Table 3-8. Note that sewer system service areas have different 
boundaries than water service areas, but both types of pipes are present throughout the urban 
areas and forgroundwater recharge calculations it does not matterto which treatment plant 
the sewer isflowing. 
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Table 3-7 Average Monthly water Pipe Leaks in Study Area (in acre-feet) 


Purveyor 

Percent in 
IPR Study Aea 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

YEAR 

City of Los Altos 

69% 

9.19 

9.67 

12.12 

12.56 

17.49 

22.08 

25.80 

25.07 

25.26 

20.16 

12.55 

8.04 

200.0 

City of Mountain view 

100% 

25.86 

27.20 

34.09 

35.31 

49.19 

62.09 

72.57 

70.52 

71.05 

56.69 

35.30 

22.61 

562.5 

City of Palo Alto 

100% 

23.95 

25.19 

31.57 

32.70 

45.55 

57.50 

67.21 

65.31 

65.80 

52.50 

32.69 

20.94 

520.9 

City of Sunnyvale 

6% 

1.83 

1.93 

2.41 

2.50 

3.48 

4.40 

5.14 

4.99 

5.03 

4.01 

2.50 

1.60 

39.8 

Purissima Hills Water District 

50% 

1.59 

1.68 

2.10 

2.18 

3.03 

3.83 

4.47 

4.35 

4.38 

3.49 

2.18 

1.39 

34.7 

CWS - Bear Gulch 

50% 

1.50 

1.49 

1.37 

2.69 

3.80 

4.27 

5.29 

5.53 

5.63 

4.57 

1.95 

1.73 

39.8 

East Palo Alto 

100% 

4.09 

3.47 

3.27 

4.65 

5.46 

5.60 

6.10 

5.57 

6.34 

4.73 

3.62 

3.38 

56.3 

Menlo Park MWD 

55% 

3.02 

2.78 

2.61 

4.54 

5.60 

6.00 

6.90 

6.00 

6.55 

4.98 

3.12 

2.81 

54.9 

O'Connor Tract Co-operative WC 

100% 

0.17 

0.17 

0.15 

0.22 

0.28 

0.34 

0.41 

0.36 

0.36 

0.29 

0.22 

0.16 

3.1 

Palo Alto Park Mutual WC 

100% 

1.06 

1.03 

0.94 

1.38 

1.76 

2.10 

2.55 

2.24 

2.22 

1.82 

1.36 

1.01 

19.5 

Redwood City MWD 

46% 

3.91 

3.23 

3.34 

5.34 

6.05 

6.72 

7.23 

6.86 

7.47 

6.18 

4.40 

3.20 

63.9 

Stanford University 

100% 

6.65 

6.70 

6.58 

8.43 

10.78 

10.26 

10.98 

11.27 

10.81 

10.38 

6.97 

6.12 

105.9 

Total 


83.70 

85.43 

101.68 

113.67 

154.12 

187.26 

217.09 

210.43 

213.28 

171.68 

108.04 

73.74 

1,720.1 


Table 3-8 Average Monthly Sewer Pipe Leaks in Study Area (in acre-feet) 


Purveyor 

Percent in 
IPR Study Aea 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

YEAR 

City of Los Altos 

69% 

2.17 

2.28 

2.85 

2.96 

4.12 

5.20 

6.08 

5.91 

5.95 

4.75 

2.96 

1.89 

47.1 

City of Mountain view 

100% 

5.96 

6.26 

7.85 

8.13 

11.33 

14.31 

16.72 

16.25 

16.37 

13.07 

8.14 

5.21 

129.6 

City of Palo Alto 

100% 

5.51 

5.79 

7.26 

7.53 

10.48 

13.24 

15.47 

15.03 

15.15 

12.09 

7.53 

4.82 

119.9 

City of Sunnyvale 

6% 

0.43 

0.45 

0.56 

0.58 

0.81 

1.02 

1.19 

1.16 

1.17 

0.93 

0.58 

0.37 

9.3 

Purissima Hills Water District 

50% 

0.37 

0.39 

0.49 

0.51 

0.71 

0.89 

1.04 

1.01 

1.02 

0.81 

0.51 

0.32 

8.1 

CWS - Bear Gulch 

50% 

0.25 

0.25 

0.23 

0.45 

0.63 

0.71 

0.88 

0.91 

0.93 

0.76 

0.32 

0.29 

6.6 

East Palo Alto 

100% 

1.42 

1.21 

1.14 

1.62 

1.90 

1.95 

2.12 

1.94 

2.20 

1.65 

1.26 

1.18 

19.6 

Menlo Park MWD 

55% 

0.83 

0.76 

0.71 

1.24 

1.54 

1.65 

1.89 

1.65 

1.80 

1.37 

0.86 

0.77 

15.1 

O'Connor Tract Co-operative WC 

100% 

0.05 

0.04 

0.04 

0.06 

0.08 

0.09 

0.11 

0.10 

0.10 

0.08 

0.06 

0.04 

0.8 

Palo Alto Park Mutual WC 

100% 

0.29 

0.28 

0.25 

0.37 

0.48 

0.57 

0.69 

0.61 

0.60 

0.49 

0.37 

0.27 

5.3 

Redwood City MWD 

46% 

1.22 

1.01 

1.04 

1.67 

1.89 

2.10 

2.26 

2.15 

2.34 

1.93 

1.38 

1.00 

20.0 

Stanford University 

100% 

2.12 

2.13 

2.10 

2.68 

3.43 

3.27 

3.50 

3.59 

3.44 

3.30 

2.22 

1.95 

33.7 

Total 


20.80 

21.07 

24.80 

28.07 

37.77 

45.46 

52.52 

50.85 

51.63 

41.66 

26.45 

18.30 

419.4 


WC -water company MWD- Municipal Water District IPR - indirect potable reuse 
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3.4.4.3.4 Summary of Dispersed Recharge 

The sources of recharge documented in the preceding sections are dispersed, meaning they 
occurto varying degrees overthe entire Study Area. Figure 3-40 shows a map of average 
annual simulated groundwater recharge during water years 1984-2015 for recharge zones in 
and nearthe Study Area. Dispersed recharge in the upland tributary watersheds tends to 
discharge as baseflow into creeks rather than flow laterally into the alluvial subbasins. Some 
inflow probably does occurfrom areas immediately adjacentto the southwest edges ofthe 
subbasins, but that inflow is treated separately from downward recharge within the subbasins. 

Basedontheanalysisdescribedabove,mostrechargezonesintheStudyArea have values 
between one and six inches per year of dispersed recharge. Variations correlate primarily with 
land use and to some extent with rainfall and pipe leak rates. Residential areas have 
intermediate recharge values (3-4 inches peryear (in/yr)). Lush residential areas have higher 
valuesduetogreaterdeeppercolationofappliedirrigationwater(4-5in/yr).Largeareasofturf 
have still higher values for the same reason, mostly 5-7 in/yr. Dispersed recharge greaterthan 9 
in/yr occurs in a fewzones in the upper watershed area where rainfall is much higherthan on 
the groundwater subbasin area. Rural residential development slightly boosts rainfall recharge 
and contributes a small amount of irrigation deep percolation. Areas of natural vegetation at 
lower elevations have low rates of dispersed recharge because plants are efficient at capturing 
most rainfall infiltration and because urban sources of recharge such as irrigation and pipe leaks 
are absent in a large part of the confined area, indicating upward flow. 

Most previous investigators have considered vertical flow between the shallowand deep 
aquifersto be very small. This vertical flux isaninternalflownot included in the water balance 
described here. However, the three-dimensional groundwaterflow model described in Section 
4 simulated vertical flow within the basin, which varied by location, year and management 
scenario. Those patterns are discussed in Section 4.4.12. 

3.4.4.3.5 Streamflow Percolation 

Ofthe various creeks in or nearthe Study Area, San Francisquito Creek has received the most 
study in terms offlowgains and losses. Metzger (2002) monitored flow in San Francisquito 
Creek at 13 locations on five occasions during 1996-1997. Percolation was found to be 
negligible upstream ofthe Pulgas Fault, which in this water balance analysis forms the 
boundary between the Study Area and San Francisquito Creek alluvial deposits located 
upstream ofthefault. The creekconsistentlylostwaterto percolation from the Pulgas Faultto 
Middlefield Road, a distance of 3.3 miles. BelowMiddlefield Road, percolation alternated 
between slight gains and slight losses. Forthe San Mateo Plain groundwater study, flows were 
measured on June 12,2017, atthreeof Metzger’s stations along the reach from the Pulgas 
Faultto Alma Streetin downtown Palo Alto. Theflowlossalongthatreach was very close to the 
average flow loss measured by Metzger (2.28 cubic feet per second (cfs) versus 2.03 cfs), which 
suggeststhatpercolationconditionshavenotsubstantially changed overthe past20years. 
Metzgerestimatedthataverage annual groundwater rechargefrom percolation along San 
Francisquito Creek was 1,050 AFY, and that value is used in the contemporary water balance for 
the Study Area. 
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Although historicalflowdata are availablefor several other creeks in or nearthe Study Area, 
there was only one gage per creek and in all cases the gage was located upstream of the alluvial 
subbasin areas. Therefore, theflowdata do not provide any indication offlowgains or losses 
along thereaches that crosses thesubbasins. Along all creeksotherthanSanFrancisquito 
Creek, substantial percentages of the channel length have been converted to concrete-lined, 
engineered channels. The lining greatly restricts flow between the creek and groundwater 
system. Forthisstudyand the San Mateo Plaingroundwaterstudy,flowsat21 locationson 
eight creeks were surveyed on May 5,2016 and June 12,2017. Five locations were measured 
on both dates. The data from the two survey dates are summarized in Tables 3-9 and 3-10. 

Thefield surveys revealed only minorflow gains and losses along the small streams. This was at 
leastpartlydueto the effect of concrete channel linings along some of the surveyed reaches, 
but possibly also to relatively high groundwater levels that could have caused stream recharge 
to be rejected. Groundwaterlevels in shallowaquiferzones were presumably relatively high 
because the flow measurements were made shortly after the winter rainy season in two 
average-to-wetyears, and there is little or no groundwater pumping nearthe creeks. Two 
unlined creek reaches had flow losses that exceeded the measurement error: a loss of 0.27 cfs 
along Cordilleras Creek (0.23 cfs per mile) and a loss of 0.16 cfs along Matadero Creek (0.10 cfs 
per mile). 

For the contemporary Study Area water balance, average annual percolation recharge from the 
tencreeksthatcrosstheStudyAreawasestimated byoneofseveralmethodsdependingon 
the data available for each stream. The results are shown in Table 3-11 . For San Francisquito 
Creek, the recharge estimate isfrom Metzger (2002). Stevens Creek annual recharge was taken 
from the District’s database of “facility recharge”. Percolation from Permanente, Adobe, Hale, 
Barron and Matadero Creeks was estimated by assuming thatdaily percolation equaled the 
smaller of daily stream flow and the percolation capacity. Gaged flows in Matadero Creek 
during 1991-2015 were used as the flowtime series, and channel percolation capacity equaled 
the estimated percolation capacity per mile multiplied by the miles of un lined channel crossing 
the Study Area. For these small streams, percolation rates of 0.3 to 0.4 cfs per mile were 
estimated from older percolation studies (SCVWD, 1977) and percolation rates along nearby 
creeks where the District releases supplemental water in summerfor percolation purposes. For 
Redwood Creek and Arroyo Ojo de Agua, daily percolation was similarly calculated by capping 
gaged daily flows in Redwood Creek at a flow equal to the percolation capacity of unlined 
segments of the creek channels. The result of these tabulations was an overall estimate of 
groundwater recharge from small stream percolation equal to 4,300 AFY. 

The future baseline simulation using the calibrated groundwater model—which represents 
currentlandandwateruseconditionssimulatedovera30-yearhydrologicperiod—also 
estimated average annual percolation from all streams to be 5,400 AFY. 

3.4.4.3.6 Subsurface Inflow 

Subsurface groundwater inflow is theoretically possible along the northwest, northeast, 
southeast and southwest sides of the Study Area. 
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Table 3-9 Stream Flow Measurements of May 5, 2016 


Site 

Flow 

(cfs) 

Specific 

Conductance 

(pS/cm) 

Temper¬ 
ature 
( C) 

Flow Measurement Method 

Remarks 

San Mateo Creek 

Below Crystal Springs Dam 

1.9 



USGS gage 

Daily average flow recorded on 5/5/16. 

Crystal Springs Road 

1.9 

337 

13.8 

Pygmy meterwith top-setting 
rod. 

About400 ft downstream on El Cerrito RdfromCrystal Springs Road. Low conductivity 
indicates Hetch Hetchy water from Crystal Springs Reservoir. 

Arroyo Court Park near El 
Camino 

1.6 



Visual estimate: W=7ft, D=0.4ft, 
center top V = 2 ft/s. Assume 
triangularxsec and mean V=2/3 
center topV. 


Gateway Park at South 
Humboldt Street 

1.65 

680 

14.8 

Pygmy meter with top-setting 
rod. 

Gravel bed at D/S end of box culvert under Humboldt and East 3rd Avenue, below Gateway 
Park. 

Laurel Creek 

Fernwood Street 

0.13 

1,293 

14.2 

Bucket and stopwatch 

Caught flowfalling off concrete bridge apron. 10-quart bucketfilled in average of 2.53 
seconds. 

Otay Avenue 

0.67 

1,056 

15.2 

Pygmy meter with top-setting 
rod. 

50 ft upstream of bridgeon Otay cul-de-sac. Shifted gravels and removed filamentousalgae 
to create better measurement conditions. 

Belmont Creek 

Twin Pines Park 

0.19 

1,401 


Salt dilution 

10-foot run in gravel channel. 

Arroyo Ojo de Agua 

Stulsaft Park 

0.32 

1,051 

15.9 

Pygmy meter with top-setting 
rod. 

At downstream end of park below Mitchell Way. Short run in gravel channel at point bar 
above property fence. 

King Street (at Vera St) 

Similar 



Visual from road 

Concrete trapezoidal channel below box ulvert under Red Morton Park. Flow is <=1 inch 
deep and 4-6 ft wide on flat cement bottom. Much filamentous algae. Tightly fenced to 
prevent access. No good way to measure this type of flow. Made visual observation 
through fence. 

Hudson Street 

Similar 



Visual from road 

Cement trapezoidal channel. Did not enter. 

Clinton Street 

Similar 



Visual from road 

Cement trapezoidal transitions to rectangular channel. Bottom 10 ft wide, fully covered by 
flow perhaps 0.3 ft deep, moving slowly. Algae focuses flow into narrow area. 

Redwood Creek 

Arroyo de las Pulgas 





Natural channel in Menlo Country Club. Chain linkandbarbedwire fence. Channel pooled 
upstream of road culvert so could not estimate velocity or flow through fence. Site of 
former USGS gage. 

Kentfield Avenue 

0.8 

— 

— 

Visual from road plus floating 
twigs for velocity. 

T rapezoidal concrete channel, tightly fenced. Bottom 7 ft wide, fully wetted. Algae focuses 
perhaps 80% of flow into 1.5 ft wide x 0.5 ft deep x 1.04 ft/s = 0.78 cfs. 

El Camino Real 

Similar 

— 

— 

Visual from road 

El Camino to Maple Street concrete channel 10 ft wide on bottom, fully wetted, much algae 
focusing flow into narrow runs. Below Maple Street is backwater condition. 


cfs - cubic feet per second V - velocity (feet per second) pS/cm -microsiemens percentimeter 

D - flow depth (feet) W - flow top width (feet) USGS - U.S. Geological Survey 

ft - feet 
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Table 3-10 Stream Flow Measurements of June 12, 2017 


Site 

Flow 

(cfs) 

Specific 

Conductance 

(pS/cm) 

Temper¬ 
ature 
( C) 

Flow Measurement Method 

Remarks 

San Mateo Creek 

Below Crystal Springs Dam 

3.69 

- 

- 

USGS gage 

Daily average flow recorded on 6/12/17. 

Crystal Springs Road 

3.84 

283 

14.2 

Pygmy meterwith top-setting 
rod. 

About400 ft downstream on El Cerrito Rd from Crystal Springs Road. Low conductivity 
indicates Hetch Hetchy water from Crystal Springs Reservoir. 

Arroyo Court Park near El 
Camino 

3.56 

311 

14.2 

Pygmy meterwith top-setting 
rod. 

Run between pools upstream of large storm drain. 

Gateway Park at South 
Humboldt Street 

3.68 

318 

14.8 

Pygmy meter with top-setting 
rod. 

Gravel bed at downstream end of box culvert under Humboldt and East 3rd Avenue, below 
Gateway Park. 

Cordilleras Creek 

Edgewood Road 

0.29 

991 

14.9 

Pygmy meterwith top-setting 
rod. 

80 ft upstream of Edgewood Road. Bedrock in channel. 

Warwick 

0.024 

1,065 

15.4 

Visual from road: 1 ft wide x 0.08 
ft deep x 0.3 ft/s 

Box culvert. Approx. 1,000ft upstream of El Camino Real. Watersample collected from 
bridge by bucket and string. 

Redwood Creek 

Alameda de las Pulgas 

0.25 

1,152 

16 

Pygmy meterwith top-setting 
rod. 

Natural channel in Menlo Country Club. Chain link and barbed wire fence. Channel pooled 
upstream of road culvert so could not estimate velocity or flow through fence. Site of 
former USGS gage. 

El Camino Real 

0.4 

1,437 

21.3 

Visual from road: 2 ft wide x 0.2 
ft deep x 1 ft/s 

Trapezoidal concrete culvert downstream of El Camino. Flow estimate was 100 ft upstream 
of Lathrop Street. Water quality sample obtained from bridge by bucket and string. 

San Francisquito Creek 

Sand Hill Road 

4.37 

922 

17.7 

Pygmy meter with top-setting 
rod. 

Metzger site 4. Boulder and cattail riffle between pools 200 ft upstream of bike bridge. 

San Mateo Drive bike bridge 

3.63 

937 

19 

Pygmy meterwith top-setting 
rod. 

Metzger site 5. Run by gravel bar 200 ft upstream of bike bridge. 

Alma Street 

2.09 

937 

18.6 

Pygmy meter with top-setting 
rod. 

Metzger site 6. Run by gravel bar under railroad bridge. 

Matadero Creek 

Foothill Expressway 

0.16 

2,084 

15.4 

Pygmy meterwith top-setting 
rod. Floating-stick velocity for 
part of section. 

Short run by gravel bar 300 ft upstream of road. Cleared algae and focused flow. 

Matadero Road 

0 

— 

— 

Visual from road. 

At Josina Avenue, about 800ft upstreamof El Camino Real. Nearly continuous pools but no 
surface flow. 


cfs - cubic feet per second V - velocity (feet per second) pS/cm-microsiemenspercentimeter 

D - flow depth (feet) W - flow top width (feet) USGS - U.S. Geological Survey 

ft - feet 
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Table 3-11 Groundwater Recharge from Stream Percolation 


Creek 

Unlined 

ChannelLength 

(mi) 

Percolation 

Rate (cfs/mi) a 

Average Annual 
Percolation (AFY) b 

Arroyo Ojo de Agua 

0.4 

0.40 

62 

Redwood Creek 

0.2 

0.40 

44 

Atherton Flood Channel 

0.0 

0.00 

0 

San Francisquito Creek 

5.7 

0.61-1.80 

1,050 

Matadero Creek 

2.0 

0.40 

330 

Barron Creek 

2.3 

0.30 

297 

Adobe Creek 

4.2 

0.40 

517 

Hale Creek 

1.4 

0.30 

211 

Permanente Creek 

2.3 

0.40 

358 

Stevens Creek c 

5.0 

0.52 

1,421 

Total 

4,290 


mi - miles cfs - cubic feetper second AFY - acre-feet peryear 

a - Measured losses for San Franciscquito Creek reaches from Metzger (2002). Values calculated from the 
b - Annual percolation volumes for Arroyo Ojo de Agua and Redwood Creek estimated from gaged flows 
in Redwood Creek during water years 1985-1997 after capping daily flows at a maximum equal to the 
unlined channel percolation capacity. The Matadero Creek percolation volume was similarly estimated, 

c-2.6 miles of Stvens Creek follow the IPR study area boundary. Only half of the percolation along that 
reach is credited to the study area water balance. 


Northwest Boundary 

Contours of fall 2010 groundwater elevations in shallow and deep wells in Redwood City at the 
northwest Study Area boundary indicate groundwaterflowtoward the Bay, parallel to the 
boundary (EKIetal., 2017). This meansthere is littleor noflowacross the boundary into orout 
of the StudyArea. 

Southeast Boundary 

Recent groundwater elevation contours show groundwater gradients parallel to the southeast 
StudyArea boundary, toward San Francisco Bay. In fall 2016 and spring 2017, for example, the 
indicated flowdirection was either parallel to the boundary or slightly inward nearthe inland 
edgeofthe boundary (see Figures 3-25through3-28). The slight inward flowappearsto be 
emanating from the upper end of Stevens Creek and is probably associated with recharge from 
stream percolation, which is already included in the water balance table. Thus, it is reasonable 
to assume thatflow across the southeast StudyArea boundary is close to zero. 
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Flow across the southeast boundary would change if pumping on either side increased or 
decreased. The primary reason the Study Area was extended this far south was to minimize the 
effect of pumping in Palo Alto on the boundary flow by placing the boundary far from the 
potential pumping. 

The future baseline simulation using the groundwater model estimated that average annual 
groundwater inflowfrom Santa Clara Plain to the Study Area was about2,300 AFY. 

Northeast Boundary 

The northeast boundary of the Study Area water balance area is in San Francisco Bay. Shallow 
and deep groundwater level contours (see Figures 3-25 through 3-28) and the water balance 
analysis indicate thatflow is presently from the Study Area to the Bay. However, increased 
groundwater pumping could reverse the direction of flow across this boundary. Because flow is 
presently toward the Bay, this boundary is discussed in greater detail in Section 3.4.4.4. 

Southwest Boundary 

The southwest boundary of the Study Area is the contact between the unconsolidated alluvial 
deposits or semi-consolidated Santa Clara Formation and bedrock units (Figure 3-6). Inflow to 
the groundwater subbasins through bedrock fractures is possible, and two methods were used 
to roughlyestimatethemagnitudeofthatflow.Thefirstmethod evaluated baseflowin creeks 
that drain the upland bedrock area. If the volume and duration of base flow in a stream are 
high, it can be inferred thatthe bedrock in the watershed is highly fractured with substantial 
storage and permeability. Those same characteristics would promote subsurface inflow to the 
adjacent groundwater subbasins. Conversely, low base flow volume and persistence indicate 
low storativity and permeability, and hence relatively low bedrock inflow to the subbasins. The 
USGS operated stream gages at various times on four local creeks whose watersheds drain on ly 
bedrockareaseastofthe San Andreas Fault: Redwood Creek, Sharon Creek (a tributary to 
Atherton Channel), Los Trancos Creek (a tributary to San Francisquito Creek) and Matadero 
Creek. Hydrographs showing daily flows forfive-year periods for each of those gages are shown 
inFigure3-41.Thescaleiscroppedtoshowonlyflowslessthan14cfs.lnallfourwatersheds, 
there is little base flow. Sustained flows greater than 1 cfs occur only during wet-weather 
periods and probably result from shallow subsurface flowthrough soils and weathered bedrock 
ratherthanflowthrough deep bed rock fractures. All ofthe creeks dry upfairly quickly afterthe 
rainy season ends. These base flow patterns indicate low bedrock storativity and permeability 
and imply that subsurface inflow to the groundwater subbasins from bedrock uplands is small. 

The second approach was to tabulate recharge over upland areas immediately adjacent to the 
subbasins where groundwater gradients in the soil and weathered bedrock zone were 
estimated to be directly toward the subbasins rather than toward a creek channel in the 
uplands. Rechargezonesfitting this description with a combined area of3,657 acres were 
identified. Simulated average annual groundwater recharge in those zones was about 900 AFY. 
This corresponds to about 5% of total Study Area recharge and is consistent with the baseflow 
data and associated inference that bedrock inflow is relatively small. 
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3.4.4.4 Outflows 

3.4.4.4.1 Groundwater Supply Pumping 

Estimates of groundwater pumping for water supply are listed in Table 3-12. In the Santa Clara 
Subbasin, all groundwater pumpers are required to report their pumping amounts to the 
District (or pumping is estimated by the Districtforsmall users), whereas nosuch reporting or 
monitoring occurs in the San Mateo Plain Subbasin. Different approaches were used to tabulate 
pumping in the two parts of the Study Area, and the results were combined in the water 
balance table. 

Useofgroundwaterforpublicsupply in the San Mateo Plain part of the Study Area is limited to 
Palo Alto Park Mutual Water Company and O'ConnorTract Cooperative Water Company, which 
are two adjoining small community watersystems nearthe border between Menlo Parkand 
East Palo Alto (see Figure 3-37). Also listed in Table 3-12 are individual large institutions whose 
use ofgroundwaterfor irrigation was confirmed by telephone or assumed to be ongoing. 
These users were identified in previous studies (Wood, 1975; Metzger and Fio, 1997; Todd et 
al., 2012), but the water use estimates were revised for the San Mateo Plain groundwater study 
based on irrigated area measured from high-resolution aerial photographs and simulated 
annual applied irrigation water (EKI et al., 2017). 

The lowerhalf ofthe table includes estimatesofgroundwateruseforseveralgroupsof users, 
mostly private irrigation wells in Atherton and nearby areas. Except for wells drilled since 1995, 
the estimated combined production forthese users was taken from previous studies (Metzger 
and Fio, 1997; HydroFocus, 2011). 

The lowerhalf ofthetableincludesallwatersupply pumping in the Santa Clara Plain part ofthe 
Study Area, subtotaled for three user categories: agricultural (AG), domestic (DO) and 
municipal/industrial (Ml). Average annual pumping for 2005-2014 is shown in the table, and the 
locations and amounts of pumping are shown in Figure 3-42. Overall, groundwater usefor 
water supply totals an estimated 5,500 AFY under current land use and water supply 
conditions. 


3.4.4.4.2 Groundwater Remediation System Pumping 
Groundwater remediation often involves pumping contaminated groundwater, removing the 
contaminants and discharging the treated waterto a storm drain. Forthe San Mateo Plain 
Subbasin part of the Study Area, the amount of remediation pumping was estimated from 
information on discharge permits. The SFRWQCB issues permits to discharge treated 
groundwaterthat is pumped from groundwater contamination sites pursuantto the National 
Pollution Discharge Elimination System (NPDES). In 2016, the SFRWQCB conducted a search of 
its groundwater cleanup permit databases for NPDES/waiver permitted pump-and-treat 
discharges. The search found six permitted remediation sites within the San Mateo Plain 
portion ofthe Study Area. Total pumping at those sites during 2014 to mid-2016 was 231 AF, or 
92 AFY. 
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Table 3-12 Groundwater Pumping for Water Supply 


Well Number 

Well Name 

Owner 

Type of Use 

Average Annual 
Production (AF) 

Method of Estimate 

Sources of Information 

Individual Users 

05S03W25M002, 

25M004 and 

25M005 

Well Nos. 3, 5 and 6 

Palo Alto Park Mutual Water Co. 

Small public water system 

523 

Production estimated by GeoMatrixand Papadopulos (1989) 

OF 75-43 lists the three numbered wells. Five 
active wells per Todd Engineers and others 
(2012). Production estimated by GeoMatrixand 
Papadopulos (1989) 

05S03W36D001 

and 36D002 


O'Connor Tract Cooperative Water Co. 

Small public water system 

325 

Metered annual production 1977-2015, with data gaps. 
Selected approximate average for non-drought years during 
1987-2015. 

Manny Nathenson e-mail (8/9/2016) 

05S03W33F001 

and G001 

Well Nos. 3 and 4 

Menlo School and College 

Irrigation of lawns and 
athletic fields 

80 

Lot area and percent irrigated estimated from high-resolution 
aerial photographs. Irrigated area multiplied by 33.4 in/yr 
applied water. Potable use assumed to have been 
discontinued since the early 1970s. 

This study and OF75-43 

05S03W26L002 


U.S. Veterans Administration hospital 


64 

Lot area and percent irrigated estimated from high-resolution 
aerial photographs. Irrigated area multiplied by 33.4 in/yr 
applied water. 

This study 

05S03W35D002 


St. Patrick's Seminary 

Swimming pool and 
landscape irrigation 

19 

Lot area and percent irrigated estimated from high-resolution 
aerial photographs. Irrigated area multiplied by 33.4 in/yr 
applied water. 

This study 



U.S. Geological Survey 

Assumed landscape 
irrigation 

11 

Lot area and percent irrigated estimated from high-resolution 
aerial photographs. Irrigated area multiplied by 33.4 in/yr 
applied water. 

This study 

User Groups 


298 active or potentially 
active residential wells 

Private homeowners in Atherton 

Landscape irrigation 

545 

32 wells metered during 1993-1995 extrapolated to 269 wells 
in WRIR 97-4033. 11 "irrigation" and 18 "domestic" wells 
drilled since 1995 and 35 AFYof irrigation use added by this 
study. 

WRIR 97-4033, drillers logs and this study 


100 residential irrigation 
wells in San Francisquito 
Cone area outside 

Atherton 

Residents near Atherton 

Irrigation 

190 

1.9 AFY perwell, copying estimate from Metzger and Fio 
(1997) for Atherton residential irrigation wells 

Todd Engineers and others (2012) 


9 institutional wells in 

Atherton 

Institutions in Atherton 

Irrigate landscaping and 
athletic fields 

120 

USGS-reported 1993-1995 production minus the estimate for 
Menlo College (which is listed separately above); 4 of the 9 
wells were metered in 1993-1995) 

WRIR 97-4033 

— 

19 wells in Santa Clara 
County 

Cities or individuals 

Irrigation 

739 

"AG" wells with non-zero pumping in SCVWD database. 
Average annual production during 2005-2014. 

SCVWD groundwater production database 

— 

191 wells in Santa Clara 
County 

Homeowners 

Domestic uses (probably 
irrigation) 

176 

"DO" wells with non-zero pumping in SCVWD database. 
Average annual production during 2005-2014. 

SCVWD groundwater production database 

— 

380 wells in Santa Clara 
County 

Cities, water purveyors and groundwater 
remediation sites 

Municipal 

2,715 

"Ml" wells with non-zero pumping in SCVWD database. 
Average annual production during 2005-2014. 

SCVWD groundwater production database 

TOTAL 




5,507 




AFY-acre-feet peryear in/yr-inches peryear WRIR-Water Resources Investigations Report OF-Open-File Report SCVWD-Santa Clara Valley Water District AG-agricultural Ml - municipal/industrial 
This table lists average annual production under land use conditions in 2016 
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Forthe Santa Clara Subbasin part of the Study Area, remediation pumping is included in the 
District’s production database located within the Study Area. Remediation pumping is included 
in the “Ml” category along with municipal and industrial pumping. Some Ml wells in the Study 
Area are further identified by an industrial user code, and one code is for remediation pumping. 
Average annual remediation pumping by wells in the Study Area was 1,027 AFY. 

3.4.4.4.3 Dewa tering Pumping 

Groundwater pumping for dewatering purposes is permitted by various local agencies. The City 
of Palo Alto issues permitsfortemporary and long-term (greaterthan 1 year) dewatering. In 
2016, eight permits were issued for residential construction dewatering. The typical duration of 
pumping at a site was about 10 weeks. The dewatering discharge was metered at the sites, and 
pumping rates ranged from 67-235 gpm (average of 149 gpm). The total volume pumped over 
theyearwas416AF.Thisisgreaterthantheaverageestimateof 180 AFYpresented inastaff 
reporttothe Palo Alto city council in June2008 based on assumptionsthat included longer 
pumping durations but much smaller pumping rates (Morris et al., 2008). In 2016, Palo Alto had 
28 active permitsfor long-term dewatering atindustrialsitesonfile,forwhich pumping totaled 
205 AFY. Long-term pumping appears to be for removing seepage into underground structures. 
Also, the Oregon Expressway underpass has a dewatering pump thatdischarges an average of 
161 AFY. The locationsand amountsofdewatering pumping in Palo Alto in2016areshown in 
Figure 3-43, and they totaled 782 AF. Detailed data were not available for other years. 

The City of Mountain View estimated that dewatering pumping in 2016 was 5 AFY, which 
excludes brackish water pumped to dewater a landfill near the Bay. The number is only an 
estimate because some sites were not metered and, in some cases, stormwaterand 
construction water comingled with groundwater (Sandahl, 2017). 

Records of dewatering pumping are less complete in the San Mateo Subbasin part of the Study 
Area. The SFRWQCB issues NPDES perm its fordischargesof clean groundwater pumped for 
dewatering of construction sites or underground structures. Only dischargesgreaterthan 
10,000 gallons per day (11.2 AFY) require a permit. When records were requested in 2016 for 
the San Mateo Plain groundwaterstudy, SFRWQCB stafffound no active permits in their 
database for this type of discharge in the San Mateo Plain Subbasin. 

In some cases, dewatering water is discharged to the sanitary sewer system, and in San Mateo 
County this requires a County permit. A search of records for 2011 -2016 found six permits. The 
total reported discharge of groundwater was 1.2 AF, corresponding to an average annual rate 
of 0.3 AFY. This amount appears far too small in comparison to reported amounts of 
dewatering pumping in the Santa Clara Subbasin part of the Study Area. 

Thediscrepancy among the dewatering pumping estimates is notable. Palo Alto, Mountain 
Viewand San Mateo County each occupy aboutone-third of the length of the Study Area. 
Shallow groundwater—and hence the need for dewatering—occurs primarily in a band of low 
topographicelevation roughly parallel to the Bayshoreline.ltwould be reasonable to expect 
the amount of dewatering pumping to be similarforthe three areas. Butthe reported amount 
of dewatering pumping in Palo Alto isoverone hundred times greaterthan in theotherareas. 
Documentation of dewatering appears to be more systematic and quantitative in Palo Alto than 
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in the other areas, suggesting that dewatering is underreported in those areas. For planning 
purposes, the amounts of dewatering pumping in the San Mateo County and Mountain View 
partsofthe Study area were each assumed toequal half theamountreported in Palo Alto. 
Thus, total dewatering pumping forthe Study Area was estimated to equal 1,600 AFY. 

3.4.4.4.4 Use of Groundwater by Riparian and Wetland Vegetation 
Some natural stream channels in the Study Area have a corridor of large trees along both banks. 
Where the water table is within 10 to 15 feet of the ground surface, some trees 
(phreatophytes) can grow rootsto the watertable and usegroundwaterdirectly. Where the 
water table is too deep to reach but the stream has flow during the dry season, the trees can 
intercept stream percolation thatwould otherwise become groundwater recharge, with the 
sameeffecton the waterbalanceasextracting waterfrom the watertable. Useofgroundwater 
by riparian trees was estimated by measuring the area of tree canopy and estimating the 
amount of transpiration that is supplied by groundwater rather than rainfall. Table 3-13 lists the 
length and average canopy width of corridors of trees along stream channels that cross the 
Study Area, as identified on recent aerial photographs. There is a total of240 acres of riparian 
tree canopy in the Study Area. 

Consumptiveuseofgroundwaterwasestimatedbysimulatingahypotheticalriparianforest 
zone using the recharge simulation model. The zone was simulated as completely non-irrigated 
during 1984-2015 then re-simulated as completely irrigated. The difference in simulated actual 
evapotranspiration equals the amount of groundwater consumed (the water table serving as 
the sourceof "irrigation" in the simulation). Consumptive useofgroundwaterby this method 
averaged 24.6 in/yr, or 500 AFY over the entire area of riparian vegetation. 

This estimate is probably high because some of the riparian trees probably do not receive all of 
the water they could use, either because the water table is too deep or stream flow and 
percolation taper off too much during the dry season. Also, some stream flow in summer 
derivesfrom irrigation overspray and other human activities in the surrounding urban areas 
that result in potable supply waterflowing to storm drains. T o the extent the trees are using 
this sourceofwater,theiruseofgroundwaterisoverestimated. However, any errorwould be 
small in the context of the overall Study Area water balance. 

The only wetlands of significant size in the Study Area are the tidal wetlands along the Bay 
shore. The evapotranspiration needs of tidal marsh vegetation are assumed to be met by Bay 
water or by subsurface groundwater discharge to the Bay, which is accounted for separately in 
the water balance. 
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Table 3-13 Groundwater Use by Riparian Vegetation 


Creek 

Riparian Forest Canopy and Water Use 

Length 

(ft) 

Average 

Width 

(ft) 

Area 

(acres) 

Consumptive 
Use of 

Groundwater 

(AFY) a 

Reach 

Redwood/Arroyo Ojo de Agua 

2,184 

70 

3.5 

7.2 

Basin boundary to Connecticut Drive 

San Francisquito 

28,982 

120 

79.8 

163.5 

Junipero Serra Road to Hwy. 101 

Matadero 

9,247 

80 

17.0 

34.8 

Page Mill Rd. to El Camino Real 

Deer 

4,924 

70 

7.9 

16.2 

Arastradero Rd. to Foothill Expwy. 

Barron 

10,373 

100 

23.8 

48.8 

Ortega Dr. to Laguna Way 

Adobe & Purissima 

31,177 

90 

64.4 

131.9 

Elena Rd. to El Camino Real 

Hale 

7,945 

100 

18.2 

37.4 

1-280 to Rose Ave. 

Permanente 

12,025 

105 

29.0 

59.4 

1-280 to El Camino Real (with gaps) 

Stevens 






Along Study Area boundary 

13,756 

140 

44.2 

90.6 

1-280 to Heatherstone Way 

Within Study Area 

12,811 

130 

38.2 

78.3 

Heatherstone Way to Moffet Blvd. 







TOTAL 

106,857 

- 

243.7 

499.2 



ft-feet AFY-acre-feet per year Hwy-highway in/yr-inches per year 

a Based on average annual consumptive use of groundwater of 24.6 in/yr derived from comparison of riparian forest under 
b Only riparian vegetation along the north bank of the creek is included, consistent with the treatment of stream percolation. 
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3.4.4A5 Groundwater Discharge to Surface Waters 
GroundwaterintheStudyAreagenerallyflowstowardstheBay,andthewatertablebecomes 
increasingly shallowalongthatflowpath. Nearthe Bay, the watertable can be higherthan the 
invert elevations of creek channels, sewers and storm drains, which allows groundwaterto seep 
into those waterways. Of these outflow pathways, groundwater infiltration into sanitary sewers 
can mostreadily be estimated from available data. Inflowstowastewatertreatmentplantsare 
metered, and in thecaseoftheSiliconValleyCleanWater(SVCW)treatmentplant,flowdata 
are available for subregions within the overall sewer service area. Groundwater infiltration has 
a seasonal pattern that is distinct from other sources of infiltration, which is a gradual decline 
during the summer dry season. This stemsfrom the natural decline in watertable elevation 
during the dry season. Tidal infiltrationfluctuates hourly but is otherwise constantthroughout 
the year. Wet weather infiltration occurs only during and following winter storm events. 
Infiltration related to water use also would not logically decline steadily during the dry season. 

Several yearsof dailyflowdata were obtained fortheSVCW, Palo Alto, Sunnyvale and San 
Jose/Santa Clara wastewater treatment plants (see Figure 3-38 forthe locations of the plants 
and contributing sewerareas). Evidence ofgroundwater infiltration was detected in theflow 
hydrographsfortheSVCW Redwood City pump station and the Palo Alto and Sunnyvale 
wastewater treatment plants, as shown in Figure 3-44. A steady declining trend during the dry 
season isevidentinallthreehydrographs. 2014wasoneofthedriestyearson record, and the 
declining trend continued through the winterthatyear. All of the hydrographs includefrequent 
spikes in daily flow that cannot logically be attributed to groundwater. A computer program 
designed to separate stream base flow from storm-event runoff (Arnold et a I., 1995; Arnold and 
Allen, 1999) was applied to the daily sewer flow time series to extract the “base flow” that 
consists of normal dischargesfrom sewerusersand groundwater infiltration. The volumeof 
dry-season groundwater infiltration was calculated by subtracting the average flow in 
Novemberfrom each daily baseflowduringApril-November. Total infiltration was then pro¬ 
rated to the Study Area based on the percentage of each sewer service area located within the 
Study Area. These calculations are documented atthe bottom ofthefigure and produced a 
total dry-season infiltration volume of 1,500 AFY. In winter, the groundwater infiltration 
component of flow is difficult to detect because of larger, sporadic inflows of stormwater. 
Because groundwater levels change relativelygradually, it was simply assumed that average 
groundwaterinfiltrationduringthewetseasonwasthesameastheaverageduringthedry 
season. Thus, the water balance table shows a total of 2,000 AFY. 

Fewdataareavailabletoquantifygroundwaterdischarges to creeks, storm drains and tidal 
wetlands. There are few stream gages near the Bay in either the San Mateo Plain or Santa Clara 
Subbasin, partly due to the difficulty of measuring flow where creek stage can be influenced by 
tides. However, the District operates gages close to the Bay on Coyote Creek and the 
Guadalupe Riverelsewhere in the Santa Clara Subbasin. Dry season baseflowatthose locations 
are about 3 cfs and 10 cfs higher, respectively, than base flow at upstream gages in the mid¬ 
basin area. Some ofthat increase undoubtedly derivesfrom groundwater remediation and 
dewatering discharges, buttheoverallmagnitudeofgroundwaterdischargeisontheorderof 
10,000AFY. The creeks and watersheds in the Study Area are much smaller, and smaller 
amounts of groundwaterdischarge would be expected. Groundwater discharges to tidal 
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wetlands or by subsurface flow beneath the Bay toward Niles Cone are probably smaller than 
the discharge to creeks and storm drains because the flow paths are much longer and/or less 
permeable. Forthe water balance table, groundwateroutflowto creeks, storm drains, tidal 
wetlands and subsurface flow toward Niles Cone were collectively estimated as the residual in 
the water balance. Two-thirds of the estimate was assigned to discharge to creeks and storm 
drains, with the remaining third assigned to tidal wetlands and Niles Cone. This roughly equals 
theproportionsofoutflowsimulated by the preliminary groundwaterflow model developed 
for the San Mateo Plain groundwater study (EKI et al., 2017). 

3A4.4.6 Subsurface Outflow 

As described in Section 3.4.4.3, shallowand deep groundwaterflow gradients along the 
northwestandsoutheastboundariesoftheStudyAreaareparalleltotheboundaries. 
Therefore, little or no subsurface inflow or outflow presently occurs across those boundaries. 
Thoseflows could change in thefuture if pumping increases or decreases on eitherside of 
those boundary segments. 

There is no groundwater outflow across the southwest Study Area boundary because water 
level gradients are from the bedrock uplands toward the groundwater subbasin. 

Subsurface outflow probably occurs northeastward toward the tidal marshes, San Francisco Bay 
and Niles Cone. This outflow was assigned one-third of the residual in the contemporary water 
balance (2,200 AFY), while the remainder was assigned to groundwaterdischarge into creeks 
and storm drains. Some of the subsurface outflow probably discharges into the tidal wetlands, 
some might discharge into the open-water part of San Francisco Bay, and some might remain in 
confined aquifers until it reaches wells in the Niles Cone area. The proportions of these specific 
outflows are unknown. 

3.4.4.5 Change in Storage 

Average annual storage change is assumed to be zero in the contemporary water balance 
because groundwater levels in the Study Area have not exhibited long-term upward or 
downward trends in the past20 years. Pumping has been small compared to historical 
pumping, and the groundwater levels have remained high during that time. Many wells with 
long-term records showfairly flat long-term trends (see Figures 3-32 through 3-34). 

Groundwater storage fluctuates seasonally, even if long-term trends are level. In terms of 
volume, seasonal fluctuations in storage are greatest near the water table, where pores 
between grains of sediment fill and drain as water levels rise and fall. Based on a comparison of 
total groundwater pumping and water-level change in the San Francisquito Cone area, 
Killingsworth and Hyde estimated an average specificyield of0.0564 (dimensionless). A 
seasonal water-table fluctuation of two feet overthe47,340-acre onshore part ofthe Study 
Area would correspond to a seasonal storage fluctuation of +/- 5,400 acre-feet. 

3.4.4.6 Water Balance Summary, Uncertainty and Variability 

The contemporary water balance is shown in the block diagram in Figure 3-45. The major 
sources of recharge are dispersed recharge from rainfall and irrigation (55%), percolation from 
creeks (25%), and pipe leaks (13%). The major outflows are pumping at wells (47%), seepage 
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into creeks and storm drains (26%), subsurface flowto San Francisco Bay and Niles Cone (13 %) 
and seepage into sanitary sewers (11 %). The magnitudes of the budget items can be compared 
visually in the bar chart shown in Figure 3-46. 

Thereissubstantialuncertaintyintheestimatesforalmostallofthewaterbudgetitems. Table 
entries are rounded to the nearest 100 AFY, but in most cases the estimated value may have an 
uncertainty as large as +/- 50 percent. A range of plausible values for each budget item is 
included in Table 3-5. For entries linked more directly to measured data, the range was 
decreased relative to the less certain items. The estimated uncertainty in the overall water 
balance stems from the magnitude of imbalance deemed likely to cause noticeable upward or 
downward long-term water-level trends. 

The contemporary water balance represents annual flows under land and water use conditions 
of the past decade and averaged over a series of years when average rainfall equaled the long¬ 
term average. Some water balance items remain relatively constant from year to year, including 
pipe leaks, deep percolation of applied irrigation water, subsurface inflow from bedrock 
uplands, groundwater pumping, and evapotranspiration by riparian vegetation. Otheritems 
depend on current-year rainfall and vary substantially from year to year, including rainfall 
recharge, percolation from streams, and subsurface outflow to creeks and the Bay. In dry years, 
rainfall recharge can be close to zero; all infiltrated rainfall is retained in the rootzone and later 
transpired by plants. The duration of streamflowis also much less in dry years, reducing the 
opportunityforpercolation.Forplanning purposes, itwould be reasonabletoassumethatina 
dry year rainfall recharge is zero and percolation from streams is only 25% of the average 
annual value. This would reduce total inflow to about 9,800 AFY. 

Thedecreasein inflowduring a dryyearis balanced by temporary decreases in subsurface 
outflowand groundwaterstorage. Theamount by which each ofthose items respondstothe 
decrease in inflow depends partly on hydrogeology and the location of decreased inflow. For 
planning purposes, it is reasonable to assume that half of the decrease in inflow would be 
absorbed by a decrease in storage and the other half would be absorbed by decreases in 
groundwateroutflow(by a uniform percentageforall outflows). Thus, groundwaterstorage 
might decrease by 3,500 AFY, and subsurface outflows to sewers, creeks and storm drains, and 
wetlandsand San Francisco Bay mightdecrease by 900AFY, 1,700AFY and 870AFY, 
respectively. 

During wet periods, rainfall recharge and stream percolation would be above average, which 
would replenish the temporary decrease in groundwaterstorageand restore subsurface 
outflows to theirformervalues.Asequenceofwetyears would temporarily boostall ofthose 
items to above-average values. 

Assessment of increased City pumping based onthecontemporary water balance isdiscussed 

in Section 3.6.1. 
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3.5 Groundwater Quality 

3.5.1 Ambient Groundwater Quality Data Sources 

This section discusses ambient water quality conditions in the Study Area. Environmental site 
releases associated with point sources are discussed in the Section 3.5.3. 

3.5.1.1 Santa Clara Valley Water District 

The District actively manages groundwater through implementation of its Groundwater 
Management Plan (GWMP)(SCVWD, 2016c). The District monitors selected wellsand compiles 
waterqualitydatafromothersourcessuch as the State Water Resources Control Board 
(SWRCB), Division of Drinking Water (DDW), Groundwater Ambient Monitoringand Assessment 
Program (GAMA), USGS special studies, and otherstudies. The District reports on waterquality 
in annual reports. 

The District, in coordination with the United States Geologic Survey (Newhouse et al., 2004) 
installed several multiple-completion monitoring wells in the Santa Clara Subbasin and one in 
the local StudyArea(ELNR)with onescreen in theshallowaquiferand three screens in the 
deep aquifer. This well provides useful information on differences in waterquality (and water 
levels) with depth. 

TheDistricthasalsodevelopedaSaltandNutrientManagementPlan(SNMP)fortheSanta 
Clara Subbasin as required bytheSWRQB’s 2009 Recycled Water Policy. The purpose ofthese 
SNMPs is to address current and future regional salt and nutrient loading to groundwater from 
all sources. The groundwater quality section discusses trends in salts and nutrients including 
total dissolved solids (TDS) and nitrate from 1998 to 2012 and predicts future trends (SCVWD, 
2014). 


3.5.1.2 State Water Resources Control Board, Division of Drinking Water 

DDW regulates publicdrinking watersystemstoensure thedelivery of safe drinking waterto 
the public. Apublicdrinkingwatersystemisdefined as a system forthe provision of waterfor 
human consumption through pipesorother constructed conveyances that has 15 or more 
service connectionsorregularlyservesatleast25individualsdailyatleast60daysoutofthe 
year. Private domestic wells are not regulated by the DDW. DDW requires regular monitoring 
and reporting by waterpurveyors with activedrinking waterwells with constituents monitored 
andfrequency of monitoring established by DDW. Thesedataare compiled by the District in 
their water qualitydatabase. 

3.5.1.3 City of Palo Alto 

The City has collected groundwater quality data for its emergency supply wells. Some data have 
been reported to DDW and are in the Districtwater quality database. Otherdata available in 
laboratory reports was entered into the project water quality database. 

3.5.1.4 San Mateo Plain Study 

Water quality data from the San Mateo Plain Study (EKI et al., 2017) forthe local Study Area 
was incorporated into the database used for this study. Because the San Mateo Plain is not 
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actively managed and there are fewpublicsupply wells, data from multiple sources were 
compiled. The San Mateo Plain water quality data set incorporated water quality data from 
DDW and San Francisco Regional Water Quality Control Board (SFRWQCB) online databases 
(e.g., Geotracker), San Mateo County records, and previous studies. 

3.5.2 Overview of Historic and Recent Ambient Groundwater Quality 

Natural groundwater quality in the Study Area varies spatially and with depth. Shallow 
groundwater tends to be similar in composition to recharge water (surface water, precipitation, 
imported water). Deeper groundwater varies in composition as a result of contact and 
residence time with formation sediments (Metzger, 2002). In general, groundwater tends to be 
somewhathard (i.e., high in calcium carbonate)with levelsofchloride, iron, manganese, and 
total dissolved solids (TDS) that can exceed secondary maximum contaminant levels in some 
wells. Generally, groundwater in the area is acceptablefor both potable and irrigation uses; 
however, some consumers mayfind untreated/unblended groundwatertobelessdesirable 
when compared with Hetch-Hetchy water. 

3.5.2.1 General Mineral Characteristics 

General minerals includethe major cations (e.g., calcium, magnesium, and sodium) and major 
anions (bicarbonate, chloride, sulfate). These ions are typically used to identify watertypes 
(e.g., calcium-bicarbonate type, etc.) but more importantly calcium and magnesium are used to 
determine waterhardnessforwhich thereare noregulatory levels. Hardness isacondition by 
which the calcium and magnesium ions form insoluble residues with soap. Therefore, hardness 
is determined by the range of calcium carbonate (CaCOs) in water in milligrams per liter (mg/L) 
or parts per million (ppm) which is known as calcium hardness or the range of magnesium 
expressed as CaC 03 (magnesiumhardness) (Hounslow, 1995). Waterwithhardnessoflessthan 
75 mg/L is considered as soft (Todd, 1980). However, hardness in water, used forordinary 
domestic purposes, does not become particularly objectionable until it reaches a hardness level 
of about 100 mg/L (Hem, 1989). 

The Study Area groundwater is hard with hardness concentrations in the Palo Alto area ranging 
from 36 mg/L to 370 mg/L (Oliver, 1990; Metzger, 2002) and in the Stanford University wells 
ranging from 260 to 361 mg/L (Geomatrix, 1992). Groundwaterfrom wells operated bythe 
O’ConnorT ract Cooperative WaterCompany in Menlo Parkand the Palo Alto Mutual Park 
WaterCompanyinEastPaloAltomeetsallprimarydrinkingwaterquality standards without 
additional treatment. However, many residences served by these private companies have in- 
home water softeners to mitigate water hardness (Todd, 2005). Waterquality from the most 
recent sampling event in each of the City’s emergency supply wells is presented in Table 3-14. 
Total hardness rangesfrom 100 mg/L in the Fernando well to270mg/LintheRinconada well 
indicating generally hard water. Note that general mineral analyses including hardness have not 
been conducted for the Eleanor Pardee and Main Library wells. 
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Table 3-14 City of Palo Alto Emergency Supply Well Water Quality 


Analyte 

MCL/ 

SMCL 

Units 

El Camino 

Park 

Eleanor 

Pardee 

Fernando 

Hale 

Matadero 

Peers 

Park 

Rinconada 

1 


tions 


cium 


mg/L 

75 

NT 

32 

56 

64 

86 

62 


gnesium 


mg/L 

17 

NT 

11 

18 

9.4 

10 

18 


:assium 


mg/L 

1.8 

NT 

1.3 

1.9 

1.3 

1.3 

1.8 


:iium 


mg/L 

71 

NT 

140 

200 

130 

130 

270 


al Hardness (as CaCC> 3 ) 


mg/L 

260 

NT 

120 

210 

100 

130 

270 



ions 


al Alkalinity (as CaCC> 3 ) 


mg/L 

220 

NT 

240 

180 

220 

200 

190 


'bonate Alkalinity (as CO 3 ) 


mg/L 

<5 

NT 

<2.4 

<2.4 

<10 

<2.4 

<2.4 


arbonate Alkalinity (as HCO 3 ) 


mg/L 

220 

NT 

290 

220 

260 

240 

230 


bride 

250 

mg/L 

54 

47 

130 

610 

110 

150 

440 


oride 

2 

mg/L 

0.2 

0.26 

0.12 

<0.1 

<0.1 

<0.1 

<1 


r ate (as Nitrate) 

45 

mg/L 

10 

6.2 

<0.5 

<1 

<0.5 

<0.5 

<2 


r ate + Nitrite (as Nitrogen) 

10 

mg/L 

2.3 

1.4 

NT 

0.67 

NT 

NT 

NT 


r ite (as Nitrogen) 

1 

mg/L 

<0.1 

<0.15 

<0.2 

<0.4 

<0.4 

<0.4 

<0.4 


fate 

500 

mg/L 

83 

38 

14 

23 

21 

22 

12 



rganics 


minum 

1000 

ug/L 

<50 

13 

500 

<50 

NT 

NT 

NT 


timony 

6 

ug/L 

<6 

<2 

<2 

<2 

<2 

<2 

<2 


enic 

10 

ug/L 

<2 

<1 

1.9 

<1 

<1 

<1 

<1 


•ium 

1000 

ug/L 

<100 

<100 

86 

260 

80 

9 

110 


r yllium 

4 

ug/L 

<1 

<0.5 

<0.5 

<0.5 

<0.5 

<1 

<0.5 


■on 


ug/L 

200 

NT 

NT 

480 

480 

220 

500 


dmium 

5 

ug/L 

<1 

<1 

<1 

<1 

<1 

<1 

<1 


al Chromium 

50 

ug/L 

<10 

<2 

2.1 

<2 

<2 

<2 

<2 


xavalent Chromium 

10 

ug/L 

NT 

<1 

NT 

<1 

<1 

<1 

<1 


Dper 

1300 

ug/L 

<50 

4.1 

16 

<50 

4.4 

4.9 

4.8 



300 

ug/L 

<100 

120 

1100 

690 

140 

350 

310 


id 

15 

ug/L 

<5 

0.12 

<1 

<5 

<5 

NT 

<1 


nganese 

50 

ug/L 

<20 

36 

180 

125 

140 

230 

40 


rcury 

2 

ug/L 

<1 

<2 

<0.2 

<1 

<1 

<1 

<1 


kel 

100 

ug/L 

<10 

<2.0 

<10 

<2.0 

<2.0 

<2.0 

<2.0 


enium 

50 

ug/L 

<5 

<2 

<2 

2.4 

<2 

<2 

2.6 


allium 

2 

ug/L 

<1 

<1 

<1 

<1 

<1 

<1 

<1 


c 

5000 

ug/L 

<50 

<20 

<20 

<20 

<20 

<20 

<50 



/sical Parameters 


thyl Blue Active Substances 

500 

mg/L 

<0.1 

<0.1 

<0.1 

<1 

<0.1 

<0.1 

<0.1 


al Dissolved Solids 

500/1000 

mg/L 

430 

450 

470 

1400 

450 

500 

980 



dioactive Analyses 


>ss Alpha 

15 

PCi/L 

3.51 

1.7 

<3 

<3 

<3 

<3 

<3 


>ss Beta 

50 

PCi/L 

NT 

1.3 

<4 

<4 

<4 

<4 

<4 


dium (226) 

5 

Pci/L 

0.05 

0.044 

<1 

<1 

<1 

<1 

<1 


dium (228) 

5 

Pci/L 

0.081 

0.14 

<0.67 

<1 

<1 

<1 

<1 


inium 

20 

Pci/L 

0.803 

1.1 

<1 

<2 

<2 

<2 

<2 



aer Analyses 


l-rri-rri-rri-rri-rri-rri-r"rr 
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3.5.2.2 Total Dissolved Solids(TDS) 

T otal salinity is commonly expressed in terms of total dissolved solids (TDS) in mg/L. The 
transportandfateofsalinityininfiltratingwaterandgroundwaterislargelygovernedbythe 
amount of TDS. 

Asestablished by DDW,therecommended Secondary Maximum ContaminantLevel(SMCL)for 
TDS is 500 mg/L, with an upper limit of 1,000 mg/L and a short-term limit of 1,500 mg/L. A 
SMCL is a water quality standard established by DDW to manage drinking water for aesthetic 
considerations, such as taste, color, and odor. Contaminants with only SMCLs are not 
considered to pose a risk to human health. 

WhileTDScan be an indicator of anthropogenic impacts, there are also natural background TDS 
levels in groundwater. The background TDS concentrations in groundwater can vary 
considerably based on purity and crystal size of the minerals in the aquifer, rock texture and 
porosity, the regional structure, origin of sediments, the ageofthegroundwater, and many 
other factors (Hem, 1989). 

The areal distribution forTDS in deep wells (screened atdepthsgreaterthan 200feet), the 
District multi-completion well (ELNR), and one shallow/deep well pair located in the Baylands is 
shown on Figure 3-47. Thefigure shows the most recentavailable concentration and also 
shows time concentration plotsfor selected wells. Time/concentration plotsfortheolderCity 
wells (Matadero, Fernando, Peers Park, Rinconada, and Hale) with a longerrecord ofwater 
quality are shown. The newly installed City wells (Main Library, Eleanor Pardee, and El Camino 
Parkonly haveone waterquality data point. NotethatalloftheCitywellsare actually screened 
in both the shallow and deep aquifer (Table 3-1). 

TDS isgenerally detected belowtheupperSMCL of 1,000 mg/L in deep wells (i.e., ambient 
groundwater) in the Study Area. Afew wells in San Mateo County located nearthe Bay show 
concentrationsabove1,000mg/LasdoestheHalewellforthemostrecentsample.Citywells 
Rinconada and Hale showfrequentTDS detection above 500 mg/L, while Peers Park, Fernando, 
and Matadero, El Camino Park, Eleanor Pardee, and the Main Library well show TDS 
concentrations closerto 500 mg/L. The Hale and Rinconada wells have been exhibiting an 
increase trend in TDS concentrations since the 1980s. The reason for the increase is not known. 

Oneoftherelatively deep screened intervals (720-740ft-bgs) in the ELNRmulti-completion 
well shows high TDS concentrations near or above 2,500 mg/L, with the other intervals having 
TDS concentrations below 1,000 mg/L. Another shallow/deep well pair is located in Palo Alto in 
the Baylands. The shallow well shows extremely high TDS, above 50,000 mg/L, while the deep 
well shows concentrations typically below 400 mg/L. 

Figure 3-48 shows TDS in shallow groundwater, with much higherTDS in the shallow wells, 
particularly nearer to the Bay. 

Elevated TDS and chloride can be indicators of saline water intrusion. The source of the 
elevated TDS in both the shallow and deep aquifer wells, located inland from the Baylands, is 
believed to be the result of leaching of chloride-rich marine deposits, rather than recent saline 
intrusion (MetzgerandFio, 1997; Metzger, 2002) (see additional discussion in Section 3.5.2.3). 


Groundwater Assessment, 

and Indirect Potable Reuse Feasibility Evaluation 

and Implementation Strategy 


Todd Groundwaterand Woodard and Curran 

Page71 



FINAL 


The Santa Clara Valley SNMP (District, 2014) documented that most wells in the Study Area 
showed no trends (either upward or downward) for TDS between 1998 and 2012 in either the 
shallow or deepaquifer. 

Table 3-14 shows the most recent detection of TDS and other constituent the City wells. TDS in 
the City wells rangesfrom430 mg/Lin the El Camino Park well to 1,400 mg/Lin the Hale well. 

3.5.2.3 Chloride and Saline Water Intrusion 

Chloride is an inorganic salt that is naturally occurring in groundwater and is commonly 
expressed in terms of mg/L. High concentrations of chloride in shallowgroundwaternearthe 
Bay have historically been attributed to Bay water intrusion. However, more recent work 
attributes high chloride in shallowgroundwaterto the influenceof saline marine deposits and 
hypersaline marsh water. High chloride in deep groundwater is also attributed to connate water 
influenced by chloride-rich marine deposits. 

As established by DDW, the recommended SMCL for chloride is 250 mg/L, with an upper limit of 
500 mg/L and a short-term limit of 600 mg/L. 

Similar to TDS, elevated chloride concentrations are undesirable for aesthetic reasons related 
to taste, odor, or appearance of the water, and not for health reasons; however, elevated 
chloride concentrations in water can damage crops, affect plant growth, and damage municipal 
and industrial equipment. Chloride is conservative and mobile in the environment. 
Conservative, in this context, means a constituent that does not interact with subsurface media 
(vadosezoneandsaturatedzone)and therefore, isnotreadilyattenuatedinthesubsurface. 

While chloride can be an indicator of anthropogenic impacts, there are also natural background 
chloride levels in groundwater. 

The areal distributionforchloride in deep wells (screened atdepthsgreaterthan 200feet), the 
District multi-completion well (ELNR), and one shallow/deep well pair located in the Baylands is 
shown on Figure 3-49. Thefigure shows the most recentavailable concentration and also 
shows time concentration plots for selected wells. 

WhilemostdeepwellsintheStudyAreahavechlorideconcentrationsbelowtheSMCLof250 
mg/L, concentrations above 250 mg/L do occur. The City’s Hale and Rinconada wells are 
currently showing chloride concentrations above 250 mg/L. While chloride concentrations are 
variable, both wells appear to show long-term increasing trends. The reason for the increasing 
trends is uncertain. Comparing the chloride trends with groundwater elevations shown in 
Figure 3-30 shows that chloride concentrations were below the 250 mg/L MCLSMCL during the 
period of significant groundwater use prior to 1962 and generally increasing trends as 
groundwaterlevelshaverisenandstabilized.lfsalinewaterwereintrudingfromtheBay,one 
would expect higher concentrations during periods of significant drawdown and lowered 
concentrations during water level recovery. It is unclear why chloride concentrations are 
increasing in these wells. Oneofthe relatively deep screened intervals (720-740ft-bgs) in the 
ELNR well shows high chloride concentrations above 1,000 mg/L, with the other intervals 
having chlorideconcentrationsbelow 1,000 mg/L. Thesourceoftheelevated chloride inthis 
deep interval is characterized as resulting from leaching of chloride-rich marine deposits, rather 
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than recentsaline intrusion (Metzgerand Fio, 1997; Metzger, 2002). Through useofvarious 
geochemical analyses such as isotopic data and constituent ratios, Metzger (2002) 
demonstrated that the high chloride (and associated TDS) concentrations in shallow and deep 
groundwaterintheareaarenotassociatedwith Bay water intrusion, but rather, are the result 
ofwater moving through the aquifers coming into contact with chloride-rich marine deposits 
including both undifferentiated clay deposits and consolidated to unconsolidated bedrock 
assemblages underlying the alluvial aquifer. Undifferentiated clay deposits overlay the shallow 
aquifer and separate the shallow and deep aquifers throughout most of the Study Area, 
particularly proximate to the Bay. In the Palo Alto Baylands, the source of elevated chloride 
(and associated TDS) is different. Very high chloride, TDS and otherconstituents in shallow 
Baylands groundwater is the resultof evaporative concentration and percolation in the salt 
marshes, resulting in hypersaline brine in shallowgroundwaternear Bay (Hamlin, 1983and 
1985). These hypersaline conditions are observed in the shallower of the shallow/deep well pair 
in the Baylands area shown on Figure 3-49. 

Anothershallow/deepwell pairis located in PaloAlto in the Baylands. Theshallowwell shows 
extremely high chloride above 20,000 mg/L, while the deep well shows concentrations typically 
below200 mg/L. Very high chloride concentrations in the Baylands area are the resultof 
evaporative concentration and percolation in the salt marshes, resulting in hypersaline brine in 
shallow groundwater near Bay (Hamlin, 1983). 

Table3-14showsthemostrecentdetectionofchlorideandotherconstituenttheCity wells. 
Recent chloride concentrations in the City wells range from 47 mg/L in the El Camino Park well 
to 610 mg/L in the Hale well. 

Figure 3-50 shows chloride in shallow groundwater showing much higher chloride 
concentrations in the shallow wells near to the Bay. Figure 3-51 shows the historical inland 
extent of chloride concentrations above 100 mg/L in the shallow aquifer from the District’s 
2016 Groundwater ManagementPlan. 

3.5.2.4 Iron and Manganese 

Iron and manganese are inorganic groundwater constituents generally derived from geologic 
sources. They are commonly considered or grouped together because of similar geochemical 
characteristics and occurrences in groundwater. Iron in groundwater may be attributed to iron 
oxyhydroxides or ferrous oxide coatings on sand and gravel and with iron-containing 
(ferruginous) clays (Parsons, et al., 2012). Elevated manganese and iron can also occur when 
wells are screened in clay horizons (Todd, 1980). Moreover, elevated concentrations can result 
in problems such as bacterial cloggingofwellscreensandstainingof plumbing and laundry. 

The current SMCLfor iron is 300 micrograms perliter (pg/L) and for manganese is 50 pg/L. 
Figures 3-51 and 3-52 show iron concentrations in the deep and shallow aquifers, respectively. 
Figures 3-53 and 3-54 show manganese in the deep and shallow aquifers, respectively. Iron is 
frequently detected above 300 pg/L in deepgroundwaterwells.ltisonly detected above the 
SMCL in shallow wells near the Bay. The ELNR multi-completion well shows iron concentrations 
typically below the SMCL in all screened intervals. 
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Manganese isfrequently detected above the SMCL in deep and shallowaquiferwells in the 
Study Area. Concentrations appear to be lower and typically below the SMCL in the 
southeastern portion ofthe Study Area inthevicinityofMountainViewand Los Altos. The 
ELNR multi-completion wells showthe lowest manganese concentrations in the shallow aquifer 
(180 - 200 ft-bgs), although the concentrations are typically above 50 pg/L. The deeper 
intervals screened in the deep aquifer are all above the SMCL. 

Table 3-14 shows the most recent detections of iron and manganese and other constituents the 
City wells. Iron in the City wells ranges from 80 pg/L in the Main Library well to 1,100 pg/L in 
the Fernando well. Recent manganese concentrations in the City wells range from less than 20 
pg/L in El Camino Park to 230 pg/L in Peers Park. 

3.5.2.5 Nitrate 

Nutrients, such as nitrate (NO 3 ) and nitrite (NO 2 ), can be present naturally at low 
concentrations in groundwater but elevated (high and moderate) concentrations are commonly 
derived from anthropogenic (human) activities. In urban areas, sources include fertilizer 
application to landscaping and wastewater sources such septic systems and leaking sewage 
lines (Parsons, et al., 2012). Legacy nitrate from historical agricultural land use in Santa Clara 
Valley is also a source of nitrate loading to groundwater (SCVWD, 2014). It is sometimes difficult 
to link high nitrate concentrations ingroundwaterdirectlyto overlying nitrogen inputs. Natural 
nitrate (as NO 3 ) background concentrations aregenerally considered to be 10 mg/L or less 
(Todd, 1980). The current primary MCL for nitrate (as NO 3 ) is 45 mg/L. Nitrate is a health 
concern due to methemoglobinemia, or “blue baby syndrome,” which affects infants. Elevated 
levels may also be unhealthy for pregnant women (SWRCB, 2016). 

Figures3-56and5-57shownitrate(asN03)inthedeepandshallowaquifers, respectively. 
Nitrate is not detected in recent data in deep or shallow groundwater above the MCL in the 
Study Area, with the exception of one well located in San Mateo County. Some wells show 
concentrations above 10 mg/L, indicating potential impacts from anthropogenic sources. The 
ELNR multi-completion well and the shallow/deep well pair located in the Baylands all show low 
concentrations of nitrate less than 10 mg/L. 

The Santa Clara Subbasin SN M P (District, 2014) indicated that most wells in the Study Area 
showed no statistically significant trends (either upward or downward) for nitrate between 
1998 and 2012 in either the shallow or deep aquifer. 

Table 3-14 shows the most recent results for nitrate and other constituent the City wells. 
Nitrate in the City wells ranges from belowthe detection limit in most wells to 10 mg/L in the El 
Camino Park well. 

3.5.3 Point-Source Contamination 

In addition to ambient groundwater quality, anthropogenic chemicals may also be present in 
groundwater, and need to be considered fortheCity’sIPR recharge and production well 
planning. Several groundwater contaminant plumes are present within the City (typically at 
depths above 125 ft-bgs) and pose potential threats to future IPR and groundwater production 
operations. If contaminantsaredrawn into City supply wells, expensive wellhead treatment 
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may be required in ordertomeetdrinkingwaterstandards. Operation of production wellsand 
future IPR recharge facilities also could potentially exacerbate plume migration and spreading, 
which could result in additional hydraulic control or treatment facilities in order to meet 
regulatory requirements and cleanup goals. 

In order to evaluate these potential risks, the locations, distributions, and current containment 
status of known contaminant plumes within the city of Palo Alto were evaluated relative to 
potential future IPR recharge and groundwater production operations. 

Federal, state, and local laws regulate the handling and storage of chemicals and are intended 
to prevent contamination of the environment and groundwater resources. However, historical 
businessandmanufacturingpracticeshaveinsomecasesresultedinthereleaseofvarious 
contaminants into the soil and groundwater. In Palo Alto, the most common sources of soil and 
groundwatercontamination are 1) current orformergasoline service stations with leaking 
underground storage tanks (LUSTs)thatresulted in dischargeofhydrocarbonfuels,and2) 
industrial facilities including technology companies that discharged volatile organic compounds 
(VOCs) often associated with leaking underground storage tanks (USTs), piping, and/or 
subsurface sumps. 

NumerouscontaminationsiteshavebeenidentifiedinPaloAltobasedonreportsofreleases 
and site investigations required by State and Federal environmental policies and regulations, or 
duringduediligenceinvestigationsforrealestatepropertytransactions. Manyofthesesites 
have been investigated through installation and sampling of monitoring wells, and some sites 
have been partially or completely remediated, while others remain contaminated. Investigation 
and remediation are typically conducted by the responsible party orpropertyownerunderthe 
supervision of the regulating agency or agencies. 

Atsites with groundwater contamination, downward gravity-driven migration through the 
vadose zone causes contaminants to enter the saturated groundwater zone, where they flow 
via advection in groundwater, spread laterally and vertically due to dispersion and molecular 
diffusion, and depending on chemical type, can adsorb onto the solid aquifer matrixand/or 
degrade into other compounds. The extents of chemical plumes in groundwater are controlled 
by chemical properties and site-specific hydrogeologic conditions (e.g., groundwaterflow rates 
and directions(lateraland vertical), and thepresenceoffine-and coarse-grained layers that 
could impede or allow migration, as well as the size, duration, and timing of the release. 

Typically, following initial discovery at most contaminated sites, soil and groundwater 
investigations are conducted to assess the nature and extentof the impact, and to inform the 
development and implementation of remediation plans, if needed. Investigations often entail 
installation of soil borings, monitoring points/wells, measurement of groundwater levels, 
estimation of flow directions and rates, collection and analysis of soil, groundwater, and/or soil 
vapor samples, and hydrogeologic evaluations to develop a conceptual model of the particular 
site and contamination. Remedial efforts at sites in the City have included excavation of 
contaminated soil, extraction and treatmentof contaminants using groundwaterand/orsoil 
vapor extraction (SVE) wells, and injection of remediation compounds to degrade contaminants 
into less harmful substances. Additionally, engineering and/orinstitutional land usecontrols 
have been implemented atsomesitestoprotectsiteoccupantsorworkers from exposure to 
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contaminants. A few sites have been adequately remediated to the point where they no longer 
poseathreattopublichealthorthebeneficialuse(s)ofthegroundwaterresource; these have 
been "closed" by the oversight agency either with or without ongoing land use controls. 

3.5.3.1 Regulatory Oversight 

Regulatory agencies responsible for oversight of contaminated sites in Palo Alto include the 
United States Environmental Protection Agency (USEPA), SFRWQCB, California Department of 
Toxic Substances Control (DTSC), and the Santa Clara County Environmental Health Services 
Department under its Hazardous Materials and Underground Storage Tanks Site Mitigation 
Programs (County DEH). Typically, the DTSC and SFRWQCB oversee the chlorinated solvent site 
cleanups (underthe SFRWQCB “Site Cleanup Program”) while theCounty oversees the 
petroleum hydrocarbon LUST sites. The USEPA provides additional oversite on cleanups of 
(primarily chlorinated solvent) sites listed underthe National Priorities List(NPL)“Superfund” 
program. 

The LUST Cleanup Sites, which involve hydrocarbon contamination, are generally easierto 
remediate, because the hydrocarbons tend to biodegrade and naturally attenuate. However, 
the drinking water MCL for benzene, a component of gasoline, is 0.5 pg/L, a very low 
concentration. Methyl tertiary butyl ether (MTBE), also present in groundwater at some sites, 
isagasolineadditivehistoricallyaddedtogasoline,thatislessdegradablethan petroleum 
hydrocarbons. MTBE has a primary MCL of 13 pg/L. 

Itshouldbenotedthatmanyoftheregulatorycleanuprequirementsforsites in the City were 
established by the differentregulatory agencies based ontheassumptionthatgroundwater 
was notusedformunicipal drinking watersupply. Although this wasgenerally true in previous 
years, implementation of municipal production by the City will change that condition. In some 
cases, contaminant plumes have been allowed to be only partially remediated, underthe 
assumption that contaminants will eventually “naturally attenuate” through chemical reactions, 
biodegradation, and dilution. 

Initiation of IPR and municipal groundwater production by the City may necessitate discussions 
with the regulatory agencies about residual contamination and natural attenuation remedies. 
Changes in cleanuporders may be required in ordertoensurethatCitylPRand groundwater 
production operations are not impacted by residual contaminants. 

3.5.3.2 Characteristics and Status of Known Contamination Sites 

The known regulated open and closed contaminated sites within the City and nearby area are 
shown on Figure 3-58 along with the locations of the City’s emergency supply wells. The open 
and closed sites were identified in the SWRCB's Geotracker system, the DTSC’s Envirostor 
database, and the USEPACERCLA list. Of these, 40 sites in Palo Alto are currently open 
(meaning active remediation or monitoring is still occurring). 

Due to the persistence of chlorinated hydrocarbons in the subsurface and relatively low MCLs, 
theCleanupProgramSiteshavebeenrelativelydifficulttoremediate,evenafterdecadesof 
active remedial measures. The primary chlorinated hydrocarbons presentatCleanup Program 
Sites in the City includetetrachloroethene(PCE),trichloroethene(TCE),cis-1,2-dichloroethene 
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(cis-1,2-DCE), 1,1-dichloroethene (1,1 -DCE), and vinyl chloride (VC). These five chlorinated 
solvents have primary MCLs ranging from 0.5 to 6 pg/L. 1,1,1 -trichoroethane (1,1,1 -TCA) and 
other solvent compounds are also present at some of the contaminated sites. 1,1,1 -TCA has an 
MCL of 200 pg/L. 

Figure3-59showstheextentofseverallargecontaminantplumeslocatedinthesouthwest 
area ofthe City. Threeof the City wells (Fernando, Matadero, and Peers Park) are located 
proximate to the COE plume. Other City wells, Main Library, Rinconada, and Eleanor Pardee are 
locatedgenerallydowngradientfromtheCOEplume.Thedepthsoftheplumesareindicated 
by the colorofthe plume and varyfrom less than50feettogreaterthan100feet. Contaminant 
plumesemanatingfromthesesitesmayposearisktothequalityofgroundwaterproduced by 
the City wells if chemicalsfrom these sites flowto the wells. Contamination sites, both those 
with mapped plumesand soil contamination only, limitwheresurfacespreadingIPRfacilities 
may be located due to the potential to mobilize contamination. Potential areas for surface 
spreading include the alluvial and Santa Clara Formation recharge areas, where several large 
contamination plumes are located. 

To assess threats to City wells and potential limits on I PR facility siting, available information on 
the open sites was obtained and reviewed. Site investigation and monitoring reports were 
obtained from the SFRWQCB Geotrackerand DTSC Envirostoronlinedatabases, and thetypes, 
amounts, and distributions of contaminant plumes within the City were identified. Particular 
attention was paid to the lateral and vertical distributionsof chlorinated hydrocarbon plumes, 
because these are some of the most persistent and toxic chemical contaminants in 
groundwater. 


3.5.3.2.1 SFRWQCB Chlorinated Solvent Cleanup Program Sites 
Figure 3-59 shows the locations and recent extent (greater that 5 pg/L) of VOC contaminant 
plumesintheCity. Severalofthecontaminantplumesarelocatedupgradient(south)oforin 
the vicinity of City emergency supply wells. Five mapped plumes are located in the Santa Clara 
Formation recharge area. Siting surface spreading IPR facilities near or directly upgradient of 
these plumes could result in mobilization of contaminants. Contaminant plumes emanating 
from these sites may pose a risk to the quality ofgroundwater produced by the City wells if 
chemicals from these sites flow to the wells. 

The conditions and status of major solvent Cleanup Program Sites in the City are presented 
below. The site locations are shown on Figure 3-59 and are described below based on their 
location from north to south. 

California-Olive-Emerson Study Area 

The California-Olive-Emerson (COE) Study Area comprises three large adjacent contaminated 
sites, along with several smaller sites, with co-mingled chlorinated hydrocarbon plumes. The 
three large sites are the Hewlett-Packard (HP) facility at 640 Page Mill Road, the HP facility at 
395 Page Mill Road, and the Varian Medical Systems site at601 California Road. HPand 
predecessor occupants began electronic equipment manufacturing operations at the 395 and 
640 Page Mill sites in the 1940s and 1950s, respectively. The 601 California site was originally 
leased to Varian and other electronics manufacturing companies beginning in the 1950s. As a 
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part of the manufacturing processes, numerous VOCsand inorganicchemicals werestored and 
used at the sites. 

HP and Varian began conducting soil and groundwater investigations at their respective sites in 
the early 1980s. Source area investigation and soil remediation were addressed separately at 
each site under SFRWQCB oversight. HP and Varian worked cooperatively under SFRWQCB 
oversightto investigate and remediate groundwater impacts in the downgradient (north) 
offsite area. Investigation findings were presented in the Study Area Remedial Investigation 
Report(Environ, 1993). These investigations determined that contamination resulted from 
historical chemical releasesatthesitesaswellasothersourcesupgradientofthesites. The 
primary chemicals of concern are PCE, TCE, and 1,1,1-TCA. 

The SFRWQCB issued Revised Site Cleanup Requirements, Order No. 94-130 on September 21, 
1994, requiring remediation ofVOC-impacted soil and groundwater. In accordance with the 
Order, remedial measures undertaken since the 1980s include soil excavation, SVE, in-situ 
chemical treatment, and groundwater extraction and treatment. Current remediation systems 
includeonsitepumpingand/orin-situ chemical treatmentateachofthe three sites, and offsite 
plume control via the Oregon Expressway Underpass (OEU) dewatering system, where the 
Oregon Expressway passes beneath Alma Street. 

Based on recent (2014) groundwater sampling results (Stantec, 2015a), there are still very high 
VOC concentrations present in groundwater, particularly in onsite areas. TCE concentrations 
exceeding 10,000 pg/L are present in several onsite subareas of the greater COE site. 

Figure 3-59 shows the current recent (2014) lateral extent ofthe COE VOC plume, which 
extends from upgradient ofthe three larger sites, described above, to just beyond the 
containment system. VOCs are detected at low concentrations in monitoring wells 
downgradient (north) of Alma Street, indicating that the onsite and offsite groundwater 
extraction systems may not be completely effective in containing downgradient plume 
migration. Contamination cu rrentlyextendsto the B1 zone, toa depth ofapproximately 100ft- 
bgs. 

Figures 3-60B and 3-60C illustrate the extent and depth ofthe COE plume in cross section and 
the well completionsforCity wells located close to the plume and downgradient ofthe plume. 
The City’s Matadero and Fernando wells are located just south (approximately 1,000 feet) and 
east (approximately630feet), respectively, oftheCOEplumeand do notintersecttheplume 
(see Figure3-59). The Peers Park well is located approximately2,000feet northwest ofthe 
plume. Groundwatersamplesfrom the Matadero, Fernando, and Peers Parkwells were last 
tested for VOCs in November2013and no VOCs were detected above the laboratory reporting 
limits. The Matadero and Fernando well surface seals extend to 60 and 91 ft-bgs, respectively, 
and the wells are gravel packed belowthosedepthsforthe entire well depth from 60 to 1,066 
and 91 to 1,020, respectively. The Matadero well is screened continuously from 142 to 1,066 
and the screened interval ofthe Fernando well is unknown, but presumed to be similarto the 
Matadero well (see Table 3-1 ). Thus, these wellsare screened and gravel packed in both the 
shallow and deep aquifers and at depths were COE site contamination is found. Potential future 
pumping of these wells will lower groundwater levels in the vicinity and for some distance 
around the wells resulting in a pumping coneofdepression and a downward vertical hydraulic 


Groundwater Assessment, 

and Indirect Potable Reuse Feasibility Evaluation 

and Implementation Strategy 


Todd Groundwaterand Woodard and Curran 

Page78 



FINAL 


gradient. It is possible that VOCs could be drawn into the wells under sustained pumping 
conditions. The Peers Park well is located at greaterdistance and is gravel packed and screened 
at greater depths then the Matadero and Fernando wells and thus is less vulnerable to 
contamination impacts. Figure3-60Cshowsthe Rinconada, Main Library, and Eleanor Pardee 
wells located at distances greater than one mile downgradientfrom the COE plume. Given the 
distance and deeper surface seals, these wells are not thought to be at high risk from 
contamination from the COE plume. 

Groundwater modeling, to be conducted in subsequent phases of this project, can better 
estimategroundwaterlevelandverticalgradientchangesassociatedwithdifferentpumping 
scenarios for these wells. It is recommended that routine monitoring of these wells for VOCs be 
conducted if the wells are used for ongoing supply. In addition, a video log should be conducted 
of the Fernando well to determine the screened interval(s). Both wells were drilled in the 
1950s and the City may wantto consider replacing them with new wells in a different area of 
the City. Finally, comprehensive Drinking WaterSource Assessment Program (DWSAP) reports 
should be prepared for these and all City wells. The DWSAP is a DDW program whereby every 
water supply well undergoes an assessment to predicted groundwater vulnerability to 
contamination based on intrinsic hydrogeology parameters and a comprehensive inventory and 
ranking of nearby potentially contaminating activities within the capture zone of the well. A 
capture zone refers to the three-dimensional region that contributes the groundwater 
extracted by one or more wells. 

Hewlett-Packard 1501 Page Mill Road Site 

The Hewlett-Packard 1501 Page Mill Road site covers approximately 36 acres and is located 
within the Stanford Research Park. The site was initially developed in the 1950s, and 
underground chemical storage tanks were installed in the 1960s and 1970s and used for 
storage of VOCs and fuels. Groundwater investigations began in the early 1980s. Historical VOC 
concentrations in monitoring wells exceeded 40,000 pg/L. Chemicals present in groundwater 
includeTCE, 1,1,1-TCA, benzene, ethylenedibromide(EDB)andotherchlorinatedsolventsand 
aromatics. 

Site remediation began in 1987 and included contaminated soil excavation, soil vapor 
extraction, and groundwater extraction and treatment. Currently remediation activities consist 
ofgroundwaterextraction in selected areas. An enhanced in-situ bioremediation pilotstudy 
also has been initiated. ConsistentwithSFRWQCBapprovals,thegroundwaterextraction 
system currently extracts groundwater from six wells completed in four different 
hydrostratigraphic depth zones (referred to as Surficial, Gamma 1, Gamma 2, and Gamma 4). 

Figure 3-59 shows the approximate current (2016) lateral extent of the plume associated with 
this site. Current VOC concentrations remain well above MCLs. The maximum TCE 
concentration in2016 was3,400 pg/L(Stantec,2016a). Althoughgroundwaterextraction 
continues atthe site, certain portions of the plume downgradient of the extraction system 
remain above MCLs indicating thepotentialforfurtherplumemigration.Contaminationatsite 
may extend to depths greater than 200 feet. The Matadero, Fernando, and Peers Park wells are 
located about 3,150, 4,200, and 6,300 feet downgradient of the Hewlett-Packard plume, 
respectively, asshown on Figure3-59. Given thedistances, these wellsarenotathighriskof 
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contaminationfromthe Hewlett-Packard plume; however, regularmonitoringofthewellsfor 
VOCs and review of ongoing monitoring and remedial activities at the Hewlett-Packard site are 
recommended. 

The depths of the plume (approximately 200 ft-bgs) provides an indication of the permeability 
of the Santa Clara Formation and the potential suitability of the formation for IPR surface 
rechargefacilities. While IPRfacilities are not recommended in close proximity ordirectly 
upgradient of known contamination sites, elsewhere in the Santa Clara Formation recharge 
area may beconsidered. 

Hillview-PorterStudyArea 

The Hillview Porter study area occupies about320 acres and includes nine sites within the 
Stanford Research Park, portions of the Veterans Administration Hospital property, Matadero 
Creek, and the Barron Park neighborhood. Numerous technology and manufacturing companies 
including Coherent, General Instrument, Gould, HP, Lockheed, Monsanto, QualityTechnologies, 
Smith Kline, Syntax, Teledyne-MEC, Teledyne-Singer, and Watkins-Johnson occupied adjacent 
propertieson Hillview Avenue, Porter Drive, and Page Mill Road (ENSR, 1989). Numerous USTs 
were installed at the sites beginning in 1960. Numerous VOCs and other chemicals leaked into 
the subsurface, comingled, and subsequently emerged into Matadero Creek. Historical TCE 
concentrations in shallow groundwater were as high as 340,000 pg/L and water samples from 
MataderoCreekcontainedTCEatconcentrationsofuptol 60 pg/L. Initial investigationsand 
remedial actions were conducted underformerCalifornia Department of Health Services 
Remedial Action Order No 88/89-016 dated December 9,1988. The SFRWQCB adopted Site 
Cleanup Requirements Order No. 93-092 (amending previous Orders). Regulatoryoversightof 
the individual sites subsequently transferred to the DTSC. 

Remedial actions including soil excavation, SVE, and groundwater extraction and treatment 
began in the late 1980s. Both vertical and horizontal extraction wells/drains have been 
installed and operated, and in-situ reactive zone technologies were also installed at portions of 
the site in the 2000s. 

The lateral and vertical extent of the plume has been characterized based on onsite and offsite 
shallow and deeper monitoring wells, completed in various aquifer sub-units referred to 
alternatively as the A1, A2, and B zones; the Alluvium, S Zone, and Gamma 1 -4 Zones; and most 
recently, as the A, B, C,D,E,F,G, and H depth zones (Stantec, 2012,2016b). Figure 3-59 shows 
the recent (November 2015) lateral extent of the site VOC plume greaterthan 5 pg/L. The 
plumeextendsfrom multiple individual source areas and crosses Matadero Creek. Recent 
(November 2015) TCE concentrations remain as high as 18,000 pg/L in onsite shallow wells and 
currently exceed 100 pg/L in thedeepestaquiferzones monitored, around 10Oft-bgs. Other 
VOCs and chromium-VI are also present at concentrations exceeding MCLs. Offsite monitoring 
wells in thedowngradient Barron Park Neighborhood (beyond the5 pg/L area) contain lower 
concentrations, but still exceed MCLs. 

Figure 3-60A illustrates the depth ofthe Hillview Porter site plume in cross section. VOCs 
extend to a depth greater than 125 ft-bgs. The Matadero and Fernando wells are located about 
4,200 and 5,700 feet downgradient form the Hillview Porter plume, respectively, as shown on 
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Figure 3-59. Given the distances, these wells are not at high risk of contamination from the 
Hillview Porter plume; however, regular monitoring of the wells for VOCs and review of ongoing 
monitoring and remedial activities at the Hillview Porter site are recommended. 

The depths of the plume (greaterthan 125feet) provides an indication of the permeability of 
the Santa Clara Formation and the potential suitability of the formation for I PR surface recharge 
facilities. While IPRfacilitiesare notrecommended in close proximity ordirectlyupgradientof 
known contamination sites, elsewhere in the Santa Clara Formation recharge area may be 
considered. 

Former Fairchild Semiconductor 4001 Miranda Avenue Site 

Fairchild Semiconductor Corporation leased the site from 1963 through 1987 and conducted 
research, design, and support activities related to the manufacture of semiconductor devices. 
Chemicals used and released atthesiteincluded VOCs, acids, and bases. Thechlorinated 
solventsTCE and cis-1,2-DCE are the primary contaminants of concern atthe site. Groundwater 
extraction and treatment began in 1985 and continued until 2003. Ongoing groundwater 
monitoring indicated that at most locations sampled, contaminant levels have reached 
asymptotic levels. Several rounds of in-situ chemical oxidation have been conducted at and in 
the vicinity of the former source area since 2000. 

Figure 3-59 shows the approximate current (2015) extent of the VOC plume (Langan T readwell 
Rollo, 2016). TCE and cis-1,2-DCE concentrations nearthe “dry well” source area are as high as 
1,000 and 690 pg/L, respectively. TCE and cis-1,2-DCE concentrations in downgradient wells 
also remain well above MCLs. The current (2015) depth of contamination is limited to the 
upper200feet of alluvium. However, because the site is in the“unconfined” recharge area of 
the groundwater subbasin, contaminants may continue to migrate downward and to the north 
toward the Fernando and Matadero wells. Accordingly, regular monitoring of the wells for VOCs 
and review of ongoing monitoring and remedial activities at the Former Fairchild 
Semiconductor site are recommended. IPR surface spreading facilities are not recommended in 
the vicinity of this site. 

3.5.3.2.2 DTSC Chlorinated Solvent Sites 

Palo Alto Town & Country Village 855 El Cam i no Real 

The Palo Alto Town & Country Village site is a retail shopping center comprising six buildings on 
approximately 13 acres. Several dry-cleaning businesses have operated atthe site since 1958. 
Dry cleaners use PCEandothersolventsintheircleaning processes, and sometimesdischarge 
chemicals to leaky sewers, where they can migrate into soil and groundwater. Groundwater, 
soil, and soil vapor have been sampled at the site to characterize the extent of VOC 
contamination. Currently, six shallow (40 feet deep) monitoring wells have been installed, and 
thewellsaresampled quarterly. During March2017, PCE was detected in two ofthewellsat 
concentrations of 27 and 43 pg/L (IRC Environmental Consulting, 2017). Because the most 
downgradient well (MW-2) had 25 pg/L PCE and because the wells are all shallow, the lateral 
and vertical extent of the plume have not been delineated. 

Becauseof its upgradientlocationand becausetheextentofthe plume has notbeen 
delineated, there is a possibility that VOCs could impact City wells. Accordingly, regular 
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monitoring ofthe City wellsforVOCs and reviewof ongoing monitoring and remedial activities 
at the site are recommended. IPR injection well facilities are not recommended in the vicinity of 
this site. 


3.5.3.2.3 Petroleum Hydrocarbon LUST Sites 
There are numerous LUST sites throughout the City. Many of these sites were investigated, 
some were remediated, while others had identified releases to soil and groundwater but were 
“closed” (meaning no additional investigation or remediation was required by regulatory 
agencies), based on the assumptions that there are no nearby groundwater users and that the 
hydrocarbons will naturally attenuate. However, there have been cases where “closed” sites 
remain contaminated and are ongoing sources of groundwater contamination. 

There areonly two “open” LUST sites in the City. One is a small UST discovered ata private 
residenceatthe cornerof North California Avenue and South Court. The UST was removed 
during site redevelopment and high concentrations of petroleum hydrocarbons in soil beneath 
the tank were reported by the DEH. The County requires additional assessmentof soil and 
groundwater prior to evaluating case for closure. However, the property owner has not 
responded to DEH directive letters and is currently out of compliance. 

The other open LUST Site is the Chevron Station located at 2799 Middlefield Road (Chevron 
Station 90339). Thirteen monitoring wells have been installed atthe station, and remedial 
activities have been conducted. As of 2015, petroleum hydrocarbons including benzene were 
still presentingroundwateratthesite(Stantec,2015b). However, dueto its location relative 
to City wells, it is not considered a threat to groundwater quality at the City wells. 

3.6 Groundwater Use Assessment Findings 

Thissection presents a preliminary assessment of potential impacts of increased Citypumping. 
Increased groundwater pumping and implementation of IPR projects was further evaluated 
with groundwater modeling as presented in Section 4. 

3.6.1 Assessment of Increased Pumping by City of Palo Alto 

TheCityownseightemergencywatersupplywellsincludingHale,Rinconada, Peers Park, 
Fernando, Matadero, Eleanor Pardee, Main Library, and El Camino Park. Five are older wells 
constructed in the 1950s and three are newer wells constructed between 2009 and 2013. Table 
3-1 provides the well construction and performance information. All ofthe wells are screened 
in both the shallowaquifer (less than200ft-bgs)and deep aquifer (greaterthan 200ft-bgs). 
The well capacities vary from 600 to 3,300 gpm, which is consistent with observed variability in 
aquifer properties in the Study Area. The total capacity of all the wells is estimated at 11,300 
gpm or 18,227AFY based on pumping tests, which is more than the total City waterdemand 
projection for 2020 of 12,000 AF. The City’s demand projections decrease after 2020 to 11,000 
AF in 2040 (SCVWD, 2015a). Thisgroundwateruse assessmentaddressesthe Study Area’s 
abilitytosustainpotentialfutureCitygroundwaterpumpingatvariouslevelsuptotheCity’s 
2020 demand of 12,000 AFY. Groundwater modeling presented in Section 4.4 was used to 
refine City pumping and IPR recharge scenarios and assess theirfeasibility. 
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The estimated capacity of the City wells may be less than predicted by the pumping tests due to 
well interference if all wells or multiple wells are pumped atthe same time. Several of the City 
wells are located in close proximity to each other and well interference between wells is 
expected based on the large area of observed drawdown documented in the Stanford pumping 
test in Well4R (see Section 3.2.8). The City may wantto consider additional pumping tests 
with observation wells to better define potential well interference and yields. 

The groundwater yield available to the City of Palo Alto can be estimated from the water 
balance information in two ways. The practical rate of withdrawal method compares the 
pumping and storage change over a number of years. The capturable outflow method 
estimates the fraction of groundwater outflow that could be captured by increased pumping. 
These two approaches are described below. Forcomparison, a third approach istousea 
groundwatermodel. The model simulation of City pumping withoutaccompanyingIPR 
described in Section 4 produced a yield estimate of 3,000 AFY. 

3.6.1.1 Practical Rate of Withdrawal Method 

The practical rate of withdrawal method compares annual pumping and annual storage change 
for historical periods with a range of pumping amounts. The historical water balances described 
in Sections 3.4.2 and 3.4.3 were incomplete in the sense thatthe authors did notquantify all 
inflows and outflows and the ones that were quantified did nottotal up to a balanced budget. 
However, the early 1930s and early 1960s water balances both included estimates ofpumping 
and storage change. Average annual pumping and storage change in the San Francisquito Cone 
area were tabulated and plotted forfour historical periods. In the 1920’s (Clark, 1924) and 
again in the 1950s (Sokol, 1964), groundwater pumping was large and storage was decreasing. 
Beginning in the mid-1960s, groundwaterpumping was small and storage was increasing. 
Finally, in the contemporary water balance (2010s) pumping is small forthe San Francisquito 
Cone and storage is approximately stable. Figure 3-61 shows data points forthose four periods 
plotted on a graph of storage change versus annual pumping. A preliminary estimate of 
potential available yield can beobtained by plotting a regression line through the data points. 
The amount of pumping corresponding to the point where the regression line crosses the zero- 
storage-change level on the Y axis is the estimate of operable yield. The estimate of 4,000 AFY 
indicated by the graph is very approximate because of the large scatter in the data points. Note 
thatthis yield estimate isforthe San Francisquito Cone area, notthe entire Study Area. 

3.6.1.2 Capturable Outflow Method 

Pumping by City Palo Alto wells could potentially capture recharge from a larger area than the 
San Francisquito Cone, which is why the Study Area boundaries were placed some distance 
northwest and southeast of the Cone. A preliminary estimate of potential yield roughly equals 
groundwater outflows to sewers, creeks, storm drains, tidal marshes, San Francisco Bay and 
Niles Cone minus the amounts of outflows needed to protect other users and prevent 
undesirable results. Thoseoutflowstotaled 8,700AFYinthecontemporarywaterbalance. 
Subtractions from that amount should include the following. 

First, other pumpers within the Study Area might also want to make use of some of the 
available yield as discussed in Section 3.6.2. Second, wells in Palo Alto might not efficiently 
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capture rechargefrom creeks in the southeastern part oftheStudyArea. Third, someoutflow 
to creeks and the Bay is likely needed to maintain aquatic habitat and prevent subsidence. For 
preliminary planning purposes, it might be reasonable to assume that one-third of those 
current outflows are needed to prevent undesirable results, or 2,900 AFY. Subtracting that from 
the preliminary estimate produces an adjusted yield estimate available to the City of about 
5,800 AFY. Groundwater use by other water purveyors in the Study Area has varied historically 
and plans for future use continue to evolve. For rough planning purposes, it might be 
reasonable to assume that half of the Study Area yield should be reserved for those areas 
(Menlo Park, East Palo Alto, Los Altos and Mountain View). This would leave 2,900 AFY of yield 
availableforuse by Palo Alto, which isslightly less than the4,000AFYestimateobtainedfrom 
the practical rate of withdrawal method. This amount of groundwater equals roughly one- 
fourth of Palo Alto’s current annual water use or about 24% of the projected 2020 demand. 
Groundwaterflow modeling described in Section 4.4 included a simulation of 3,000 AFY of Palo 
Alto pumping (with no IPR), which appeared to be the maximum rate that could be sustained 
without creating an elevated riskof saline water intrusion during droughts at existing public 
supply wells in Menlo Park. Implementation of IPRfacilities would augment recharge and 
increase the potential yield available to the City, and the groundwater modeling included 
scenarios with various combinations of IPR recharge and City pumping. 

3.6.1.3 Yield Estimate from 1988 Drawdown Data 

A third estimate of groundwater yield available to the City of Palo Alto was developed by 
Carollo Engineers (2003) using a completely different approach. They documented that 1,500 
AF of pumping by City wells over5 months in 1988 produced an average of24 feet ofwater- 
leveldeclineatthe pumping wells, and thatwaterlevelsfully recovered within 18 months after 
pumping stopped. No adverse effects related to the temporary water-level declines were 
reported, and Carollo concluded that the amount of pumping in 1988 was therefore a 
reasonable estimate of yield for an isolated year of pumping (reduced to 500 AFY for 
consecutive pumping years). The Carollo yield estimate is smallerthan theyield estimate 
presented inthisreport primarily because itis based onanalysisofa relatively briefstressin a 
small geographicarea. The water-level declines measured in the pumping wells probably 
represented localized cones of depression, not a broader lowering of the water-level surface. 
Also, a longerduration of pumping would have accessed groundwater storage atthe water 
table (specific yield), which is much larger that the short-term storage response in semi- 
confined aquifers. Furthermore, if the City had pumped 2,900 AFY over a full year and the water 
levels had fully recovered overthe subsequenttwo years, the Carollo method would have 
produced ayield estimate2,900AFY. Finally, theStudyAreaforthepresentreportissixtimes 
largerthan the area evaluated by Carollo, and some of the rechargefrom the additional land 
area is presumed to be available to support pumping by Palo Alto. 

3.6.2 Potential Increased Pumping by Others in Study Area 

The District maintains a database of historical pumping within established groundwater charge 
zones in Santa Clara County, which includes municipal, domestic, irrigation, industrial and 
remedial uses. Dewatering operations for high shallow groundwater is not monitored or 
tracked by the District. The District predicts future groundwater pumping with its regional 
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watersupply planning and operations model (WEAP model) basedonhydrologicconditions 
observed from 1922 to 2015. Water purveyors and the District also project future groundwater 
pumping in their UWMPs and the Bay Area Water Supply and Conservation Agency (BAWSCA) 
Annual Survey included pumping forecasts. T able 3-15 shows projections of groundwater 
pumping in the Study Area based on UWMPs and the BAWSCA Annual Survey. The Palo Alto 
projections are listed as zero for 2020,2025,2030, and 2040; however; various pumping (and 
IPR) scenarios were evaluated with groundwaterflow modeling (Section 4.4). 

Mountain View(2016) projects a modest increase in pumpingfrom 566 to 621AFY between 
2020 and 2040. The BAWSCA Annual Survey forfiscal year2014-15 shows increased pumping 
for Stanford from 616 to 840 AFY between 2020 and 2040. Stanford has indicated thattheir 
existing irrigation wells could be used for emergency potable supply. The California Water 
Service Los Altos Suburban District (2016) projects decreasing groundwater use from 3,824 to 
3,552 AFY between 2020 and 2040. There are also a large number of relatively lowyielding 
private irrigation wells, particularly in Palo Alto and Los Altos. The future use of groundwater by 
private well owners for irrigation should remain relatively stable, unless a significant number of 
new wells are drilled as has happened in the pastduring extended droughts when irrigation 
usage is restricted. 

Unlike Santa Clara County, there is currently no regional groundwater management agency that 
meters or tracks groundwater pumping in San Mateo County. Menlo Park is currently pursuing 
a program of drilling three new wells for emergency supply; however, their UWMP (EKI, 2016a) 
projectsnogroundwateruseasasupplementalpotablewatersupplysourcethrough2040. 
The projected short-term capacity ofthe Menlo Park emergency supply wells is 3,000gpm. 
Assuming this capacity of pumpingforthree months during an emergency would yield about 
1,200AFY. EastPaloAltoisdevelopingwellsforongoingpotablesupplyandprojectsuseof 
1,200 AFY of groundwater from 2020 through 2040 (EKI, 2016b). This projected use of 
groundwater may be reduced by diversion of SFPUC allocations from other local entities. The 
City of Mountain View has agreed to transfer one million gallons per day of its SFPUC allocation 
to East Palo Alto fora one-time paymentof $5 million (Mountain View Voice, 2017). This is an 
increase in demand relative tocurrent conditions. The California WaterServiceBearGulch 
District (2016), which serves Atherton, Portola Valley, Woodside, and portions of Menlo Park 
and Redwood City projects stable groundwater use of 1,535 AFY of groundwater between 2020 
and 2040. Redwood City (EKI, 2016c) does not currently use groundwater and projects no use 
of groundwater between 2020 and 2040. As in Santa Clara County, private irrigation wells are 
used in the San Mateo County portion ofthe Study Area, particularly in the Atherton area. 

Overall, with the exception of new groundwater development by East Palo Alto, it appears that 
groundwater use by other pumpers in the Study Area will be relatively stableforthenext20 
years based on planning documents. However, if Stanford and/or Menlo Park were to begin use 
of their irrigation wells and emergency supply wells for emergency supply, this could increase 
short-term pumping in the region. 
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Table 3-15 Retailer Groundwater Demand Projections (in AFY) 


Water Retailer 

2020 

2025 

2030 

2035 

2040 

Source 

Palo Alto 

0 

0 

0 

0 

0 

Palo Alto, 2016, UWMP 

Mountain View 

566 

574 

588 

604 

621 

Mountain View, 2016, UWMP 

Stanford University 

616 

672 

728 

784 

840 

BAWSCA, 2016, Annual Survey 

California WaterService(CWS) 
Los Altos Suburban District 

3,824 

3,674 

3,674 

3,570 

3,552 

CWS Los Altos Suburban District, 2016, 
UWMP 

East Palo Alto 

700 to 1,200 

700 to 1,200 

700 to 1,200 

700 to 1,200 

700 to 1,200 

EKI, 2016b, UWMP 

Menlo Park a 

0 

0 

0 

0 

0 

EKI, 2016a, UWMP 

California WaterService(CWS) 
Bear Gulch District 

1,535 

1,535 

1,535 

1,535 

1,535 

CWS BearGulch District, 2016, UWMP 

Redwood City 

0 

0 

0 

0 

0 

EKI, 2016c, UWMP 


a - Short-term capacity of emergncy supply wells is 3,000 gallons per minute 
UWMP- Urban Water Management Plan AFY-acre-feet per year 
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3.6.3 Land Subsidence 

The land subsidence between 1934 and 1967 occurred when San Francisquito Cone pumping 
was as high as 7,500 AFY (Sokol, 1964) and historical groundwater elevations were below sea 
level (upto-140feetNGVD29atthe Hale Well in Palo Alto). Although nosignificantadditional 
land subsidence has occurred in the Study Area since 1970, the potential exists for up to an 
additional 8.5 feet of land subsidence in the Study Area (Geoscience, 1991, SCVWD, 2016b). 
Therefore, maintaining groundwater levels in the Study Area above historical lows or other 
defined subsidence thresholds is key to avoiding future land subsidence issues. 

Several on-going land subsidence monitoring programs are currently underway in the Santa 
Clara Valley. The District has established a tolerable continuing rate of subsidence of 0.01 feet 
per year (SCVWD, 2016a and 2016b). Currently, the District conducts an ongoing monitoring 
program across the Santa Clara Valley, including parts ofthe Study Area, that involves the 
following: 

• Two 1,000-foot deep extensometers directly measure aquifer compaction. One 
extensometer is located adjacentto the Study Area in Sunnyvale near Moffett Field 
(Figure 3-36). It has data loggers to provide hourly readings of aquifer compaction and 
water level (SCVWD, 2016b). 

• A benchmark leveling program that consists of annual surveys along three cross valley 
level circuits across the Santa Clara Valley. In 2015, the District analyzed land surface 
elevation data from 145 benchmarks to evaluate the spatial variability of land 
subsidence. One ofthe level circuits goes through the Study Area and includes about 30 
benchmarks in Mountain View, Palo Alto and Los Altos. 

• Regular groundwater level measurements at ten subsidence index wells. The District has 
established subsidence thresholds, orgroundwaterelevations,wheresubsidence 
greater than 0.01 feet per year may occur (Geoscience, 1991, SCVWD, 2016b). If water 
levels drop below subsidence thresholds for extended periods, permanent land 
subsidence may resume. Two of these wells are in or adjacent to the Study Area (Figure 
3-36), and thesubsidencethresholdsforthesewellsare-26and-30feetNGVD29at 
Sunnyvale and Mountain View (Geoscience, 1991, SCVWD, 2016b), respectively, which 
is about 60 to 75 feet above the historic low to reflect the influence of time lag in the 
compaction of thick clays in the area. 

Additional benchmarks are monitored by several municipalities and other agencies within the 
Study Area. East Palo Alto installed five permanentsurvey benchmarks in 2014 and is surveying 
them bi-annually to monitorfor land subsidenceas part ofthe implementation of its recently- 
adopted Groundwater Management Plan (Todd, 2015). 

Because of the potential economic cost of additional land subsidence, land subsidence 
monitoring should be a part of any future plans for increased pumping by the City. Specifically, 
Todd Groundwater recommends the following: 

• The existing District municipal survey benchmarks should be monitored for changes in 
land surface elevations on a regular basis. 
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• Identify an existing or install a newmonitoring well that could be added to the District 
subsidence index wells in the Palo Alto area. The well would need to be completed 
below the primary clays layers and located close to a well with a sufficiently long 
groundwater level history. An analysis would be required to define a subsidence 
threshold for the well comparable to the Geoscience (1991) Study. 

• The useof InSARto monitor land subsidence in the Study Area could be used in 
conjunction with an agency, such as the USGS(undertheir Local Agency Partnership 
program), that has experience with this method of monitoring. 

Amitigation plan would need to be developed todetermine whataction would be required to 
mitigate potential subsidence should any of the thresholds be exceeded. These monitoring 
activities would need to be coordinated with the District and other local agencies. 

Potential subsidence under different City pumping and I PR is discussed further in Section 4.4 
based on groundwater flow modeling. 

3.6.4 Saline Water Intrusion 

Due to high groundwater pumping and land subsidence, particularly in the years following 
World War II, saline water intrusion was observed in the shallow aquifer of the Santa Clara Plain 
(SCVWD, 2016a). The Palo Alto Baylands contains a zone of hyper saline wateradjacent to and 
sub-parallel to the Bay as a result of evaporative concentration and percolation from salt 
marshes (Hamlin, 1985). This hyper-saline water can migrate inland in theshallowaquifer if 
significant pumping from the shallow aquifer causes inland flow. The deep aquifer is not 
directly connected to the Bay and elevated chloride levels in the deep aquifer and some shallow 
aquiferwellsare thoughtto be the resultof dissolution of salts from marine deposits (Metzger, 
2002 ). 

To assess saline water intrusion, the District monitors groundwater quality in a network of wells 
near San Francisco Bay in Santa Clara County. In addition, East Palo Alto has initiated a 
groundwater monitoring program that involves regular groundwater quality sampling to 
establishthecurrentdistributionandtotrackfuturewaterqualitytrendsof selected chemicals 
of concern, including indicators of saline water intrusion from the Bay (Todd, 2015). 

The Groundwater Management Plan (GWMP)for East Palo Alto (Todd, 2015) expressed specific 
concern regarding saline water intrusion via the Ravenswood wells located near the Bay. These 
wells were not properly abandoned and could create a conduitforflow of saline waterfrom the 
Bay into the deep aquifer. 

Because theCity wells are screened in both theshallowand deep aquifer, wells located near 
the Bay and San Francisquito Creek (Hale, Eleanor Pardee, Main Library, and Rinconada) may be 
vulnerabletoshallowaquifersaline waterintrusionfrom the Baylandsortidal influences in the 
creekifthegroundwaterlevelsareloweredsignificantly.lnaddition,seawaterlevel rise could 
increase the inland extent tidal influences in San Francisquito Creek. 

The City may want to consider increased monitoring for TDS and chloride in the City emergency 
supply wells nearest to the Bay. 
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The potential for saline water intrusion is discussed further in Section 4.4 based on 
groundwater flow modeling. 

3.6.5 Impacts to Interconnected Surface Water 

Groundwaterand surface waterare hydraulically coupled only where the watertablenextto 
the creek is at or above the elevation of the creek bed. At lower watertable elevations, stream 
percolation occurs at a rate that is independent of the groundwater level. Where the 
groundwater and creek are hydraulically connected, the rate of stream flow depletion caused 
by a well depends on its screen depth and proximity to the creek. Forashallowwell close to a 
creek, nearly all of the pumped water is supplied by induced percolation from the creek. In 
alluvial basins with numerous orthickfine-grained layers, a deep well atthe same location 
induces downward leakagefrom shalloweraquifer unitsovera broad area, and much ofthe 
pumped water typically derives from other sources of recharge, such as rainfall, irrigation and 
pipe leaks. 

Based on waterquality testing, Metzger(2002)concludedthatsurfacewaterand shallow 
groundwaterand the upper deep aquifer nearthe San Francisquito Creek have similar water 
quality characteristics indicating recharge from creek. 

San Francisquito Creeksupports riparian vegetation and fauna, including threatened species 
such as the red-legged frog and western pond turtle. It is the onlyfree-flowing urban creekon 
the south Peninsula (USGS, 2015) and the most viable remaining native steelhead population in 
South San Francisco Bay. Citing concern for steelhead, the creek has been included in the 
303(d) listing by the SFRWQCB as impaired forsediment (California Coastal Commission, 2006). 
A habitat assessment in the upland watershed (Jones & Stokes, 2006) concluded that a lack of 
suitable habitat (e.g., deep pools) is the key factor limiting smolt production and juvenile 
rearing, while steelhead outmigration is limited by seasonal drying ofthe channel (a natural 
phenomenon)and exacerbated bypassageimpediments. Given its environmental significance, 
San Francisquito Creekhas been the subject of numerous studies (e.g., Jones & Stokes, 2006; 
USGS, 2015), restoration plansfocused on bankstabilization and re-vegetation, and active 
restoration, education and outreach efforts (Acterra, 2015). 

Adetailed study of groundwater-surface water interaction along San Francisquito Creek was 
undertaken bythe USGSin 1996-1997 (Metzger, 2002). The creek consistently lostwaterto 
percolation from below the Pulgas Fault nearthe subbasins boundaryto Middlefield Road (half 
ofthe total distance to San Francisco Bay). However, groundwater levels atthe time ofthe 
study were more than 20 feet below the creek bed, and percolation consequently was 
interpreted to be independentofthegroundwater level. Increased groundwater pumping in 
that area would not have increased percolation losses. 

Downstream of Middlefield Road, the studyfound alternating gaining and losing reaches, 
suggesting that the creek and water table had similar elevations and were hydraulically 
coupled. Pumping from shallowwells within 1,000feet ofthe creek along that reach could 
potentially induce additional stream percolation. Accordingly, itispossiblethat increased 
pumping from City wells screened in both the shallow and deep aquifer located near the lower 
stretches ofthe creek (Hale and Eleanor Pardee) may induce some loss from the creek. 
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Potential impacts to creeks under different City pumping and I PR scenarios is discussed further 

in Section 4.4. 

3.6.6 Mobilization of Environmental Release Site Contamination Due to 
Increased Pumping 

As discussed above in Section 3.5.3, point source contamination sites pose a potential risk to 
underlying groundwater. The degree of risk depends on the toxicity and concentrations of the 
contaminants and the potential for complete exposure pathways to sensitive receptors, 
including humans and biota. Exposure pathways include ingestion ifthegroundwater is a 
source of drinking watersupply, inhalation of contaminants in indoor air as a result of vapor 
intrusion ofvolatile contaminants from contaminated soil and/orgroundwater, and contact 
with contaminated media during construction ornon-construction activities. The regulatory 
framework for point source contamination sites that have been identified and are under active 
oversightaimstoprovideprotectionofsensitivereceptorsthroughenforcementactionsthat 
may include engineering and/or administrative controls. 

The risks as related to future City I PR projects and the groundwater production wells fall into 
two main categories: 

• Risk of contaminant transport to City production wells and production of contaminated 
water exceeding drinking water health standards, and 

• Risk of contaminantplume spreading and loss of remediation system containmentdue 
to recharge facility or production well operations changing established flow directions. 

Both natural and anthropogenicfactors affect the fate of contaminants in groundwater and 
theirpotentialimpactstoCityrechargefacilitiesand production wells. Naturalfactors include 
recharge rates, horizontal and vertical permeability of the aquifers, horizontal and vertical 
hydraulic gradients (both magnitude and direction), presence of fine-grained layers that may 
impede advection but may also result in back-diffusion of contaminants to "cleaned-up" 
permeable zones, and biogeochemical conditions which can influence contamination 
degradation processes. Anthropogenic factors include future recharge operations that could 
exacerbate spreading of contaminants, groundwater pumping and other changes to the natural 
fluxes and gradients, the presence of artificial subsurface conduits (e.g., horizontal pipelines 
and the backfill surrounding them, and vertical wells with perforations and/orgravel-packed 
intervals spanning multiple depth zones), and intentional remediation efforts to remove, 
degrade, or limit the spread of contaminant mass. 

As discussed above, the hydrogeology of the subbasins consists of alluvial fan and 
alluvial/fluvial plain sediments that exhibit patternsof alternating fine- and coarse-grained 
deposits, with the presence of thicker confining units in the northern area near the Bay and 
absenceof or less extensive confining units in the southwestern recharge areas nearthe 
foothills. The more permeable coarse-grained depositstend to transmitwaterhorizontally 
under the regional hydraulic gradients, while the less permeable fine-grained deposits tend to 
inhibitverticalgroundwaterflow. This anisotropy in aquifers in the northeastern portion ofthe 
subbasin generally causes contaminant plumes to favor horizontal rather than vertical 
migration. In this area, point source contamination originating at or nearthe land surface is 


Groundwater Assessment, 

and Indirect Potable Reuse Feasibility Evaluation 

and Implementation Strategy 


Todd Groundwaterand Woodard and Curran 

Page90 



FINAL 


generally limited in vertical extentto the uppermost coarse-grained layers in the vicinityofthe 
release site, rarely penetrating below depths of approximately 100 ft-bgs. However, in the 
recharge area, contaminant plumes have migrated to greater depths, due to the relative 
absence of fine-grained impedance layers along with local downward gradients. 

Although most of the contaminant plumes within the City appear to be partially or totally 
contained by remedial barriers and pump-and-treat extraction systems, the extent of 
containment is difficult to establish, due to uncertainties in subsurface conditions and aquifer 
hydraulicproperties. Forthese reasons, itisrecommendedthatpotentialrechargeproject 
locations avoid known contaminant plume areas. In addition, groundwater production from 
wells nearthe known plumes (especially wells Matadero, Fernando, and Peers)shouldbe 
regularly monitored, to ensure contaminants are not drawn into the wells. 

3.6.7 Cross-Contamination Between Shallow and Deep Aquifers 

In the Study Area, alluvialfan and intra-fan depositional processes have resulted in a highly 
anisotropic geologic setting, with sub-horizontal interbeds of coarse and fine layers that 
generally make vertical migration of groundwater much harder than horizontal migration. The 
deep aquifer in the confined portions of the subbasins, particularly closer to the Bay where clay 
units become thicker and more extensive, has more hydraulicseparation from the shallow 
aquiferthanintherechargezoneandtheconfinedzonenearthefoothills. Nonetheless, inter¬ 
aquifer flow through water supply wells screened across multiple aquifers is recognized as an 
important component to the flow of groundwater (Hansen, 2015). All of the City wells are 
screened in both the shallowand deep aquifers and therefore may pull in shallow aquifer 
groundwater and provide conduits for movement of water between the two aquifers. 

Migration of contaminants from shallow to deep aquifers is largely controlled by vertical 
gradients, which change in response to pumping. Vertical gradients between the shallow and 
deep aquiferaffectthe natural movementofwater between theaquifersand potentially within 
wells screened in multiple aquifers or in unknown improperly abandoned wells that may 
provide conduitsforflow between the aquifers. As described in Section 3.2.9, Figure 3-32 
shows how the vertical gradient between the shallow and deep aquifers change with 
groundwater pumping. Historically, vertical gradients were downward during periods of 
significant groundwater pumping in the Palo Alto and Stanford Area. As pumping declined after 
importation of Hetch-Hetchy water, groundwater gradients reversed and there is now an 
upward vertical gradientfrom the deep to shallowaquifer in the confined zone. The District’s 
Eleanormulti-completionmonitoringwellclearlyshowsanupwardverticalgradientfromthe 
shallow to deep aquifer since it was installed (2003). 

Ambient shallow groundwater quality in the Palo Alto area is not significantly poorer than deep 
groundwaterexceptin and nearthe Baylands where hypersalinewateroccursandcanflow 
inland, ifinland pumping issignificant.Shallowgroundwaterisalsosubjecttocontamination 
from environmental releasesitesand these sites can posea threattodeep well waterquality. 

If the City develops significant groundwater supplies, the vertical gradient will likely switch back 
to downward, resulting in more potential fordownward movement of shallowgroundwater, 
and potentially downward movement of shallow contaminated groundwater. 
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The groundwater model developed forevaluating I PR scenarios in Section 4 was also used to 
evaluate vertical fluxes of water between shallow and deep aquifers in the Study Area. That 
evaluation is described in Section 4.4.12. 

Cross contamination from shallow to deep aquifers can be mitigated by closely monitoring the 
relationship between deep aquifer pumping and water levels in the shallow and deep zones. 
Minimizing the downward vertical gradients by limiting pumping and/or augmenting 
groundwaterwithIPRwaterwillhelplimitthemigrationofcontaminantsfromtheshallowto 
the deep aquifer. 

3.6.8 Potential Impacts of Sea Level Rise 

Climate change has led to global increases in temperature, polar ice cap melting, and global sea 
level rise. In the past century, global mean sea level has increased by approximately eight 
inches. However, the rateof sea level rise is increasing, and much greater rates of rise are 
predictedforthe21 st century. In March2013, theState provided updated guidanceand sea 
level rise projections ranging from 10 to 17 inches by2050,17 to32 inches by2070, and 31 to 
69 inches by 2100 (California Climate Action Tearn, 2013). These estimates were developed by 
the National Research Council in 2012 for San Francisco. In 2016, the Palo Alto City Manager 
provided information to the City Council on potential impacts of sea level rise in South San 
Francisco Bay on Palo Alto resources and infrastructure and adopted these projections The City 
has since revised its sea level rise projections to numbers developed by the California Natural 
Resources Agency and Ocean Protection Council-Sea Level Rise Guidance2018 Update. Over 
the modeling simulation period, the two projections are close. Among the potential impacts 
are: 


• Shoreline inundation; 

• Increased flooding along San Francisquito Creek; and 

• Flooding of City infrastructure, including roads, hospitals, schools, emergencyfacilities, 
and water supplyfacilities. 

Several local and State-level programs are underway to identify and implement protection 
projects in orderto minimize flooding and damage to infrastructure. Mostofthese projects 
involve levee construction and rehabilitation in orderto minimize inundation and flooding risks. 
However, in addition to surface inundation and flooding impacts, potential subsurface impacts 
to groundwater levels, flow, and quality may also occur. These potential impacts include: 

• Increased groundwater elevations, artesian conditions, and decreased depths to water; 
and 

• Increased intrusion of saline water into the aquifers bordering the Bay. 

As Bay levels rise, groundwater levels in the shallow aquifer likely will increase in response, with 
the largestrisesoccurring close to the Bay. Because somedeepaquiferwells in the confined 
zoneexhibitartesian conditions, increased artesian pressure may occur, especially in the 
absence of groundwater pumping. Shallowgroundwater levels and extent may increase, 
potentially causing seepage and foundation flooding from shallowgroundwater. Rising 
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groundwater levels may incrementally reduce the recharge capacity of vadose zone I PR 
injection wells or surface recharge facilities, as less vadose zone capacity may be available. 

The second potential impact of sea level rise is increased saline water intrusion from the Bay. 
The freshwater-saline water interface, currently located near the Bay Shoreline, may migrate 
landward in response to the increased hydraulic head of the Bay. This could potentially impact 
produced water quality at shallow wells in the northeastern portions of the City. 

Groundwater monitoring is recommended to track water levels and inorganic water quality in 
City wells. Future operation of recharge and groundwaterproduction facilities may need to 
account for higher groundwater levels and changing water quality conditions. 
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4 INDIRECT POTABLE REUSE FEASIBILITY EVALUATION AND 
IMPLEMENTATION STRATEGY 

This indirect potable reusefeasibility evaluation describes several City pumping and IPR 
scenarios, applies groundwaterflow modeling to assess potential impacts of those scenarios on 
groundwater levels and creek flow, and carries one scenario into development of an 
implementation strategy. Modeling was used toassess subsurface purified recycled water 
travel times between injection wells and potable supply wellsforthe selected scenariofor 
compliance with recycled water recharge regulations. The implementation strategy identifies 
permitting, CEQA, and regulatory compliance requirements and presents costs forthe selected 
scenario. 

4.1 Identified Areas for IPR 

Preliminary general areas where IPR surface spreading or injection could occur in the Palo Alto 
area were identified based on hydrogeologic and regulatory criteria. While the original scope of 
workforthe project called for identification of specific I PR recharge facility parcels, based on 
the preliminary planning natureofthisstudy,thescope waschanged to identifygeneral areas 
where publicly-owned parcels are available within an appropriate distance from the generally 
identified potential IPR sites. Also, while initially, general areas where identified for both 
surface spreading and injection wells, after estimating the relatively large size of parcels needed 
for surface spreading and considering the limited availability of large parcels in the surface 
spreading area, surface spreading projects weredeemedinfeasibleand only injection wells 
were carried forward in the analysis. 

4.1.1 Hydrogeologic and Other Consideration for IPR Siting 

Preliminary, planning-level IPR siting criteria were developed based on the hydrogeology of the 
Palo Alto area and the range of goalsfor IPR recharge and pumping. The preliminary evaluation 
of locations where surface spreading and injection wells could be sited and the total area of 
spreading and numberof injection wells needed were informed by variousfactors including: 

• Surface spreading: 

o Located in unconfined recharge areas in the Citydowngradient of Pulgas Fault 
o Proximate to and upgradient of City production wells 
o Adequate distance from production wells to meet State Water Resources Control 
Board, Division of Drinking Water(DDW)requirementsforresponseretention 
time (RRT) 

o Minimum potential for mobilization of known contamination plumes 
o Size of recharge area required is based on estimated infiltration rate 
o Adequate storage capacity is available in the vadose zone or can be made 
available through increased pumping to accommodate recharge 

• Injection wells: 

o Located in unconfined recharge areas or confined zone in the City 
o Proximate to and upgradient of City production wells 
o Adequate distance from production wells to meet DDW requirements for RRT 
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o Minimum potential for mobilization of known contaminant plumes 
o Number of injection wells is based on expected injection rates assuming 50% to 
80% of average production well yields 
o Provide separation between injection wells to reduce well interference 
o Adequate storage capacity is available in aquifer orcan be made available 
through increased pumping to accommodate recharge 

The Groundwater Use Assessment presented in Section 3 provides much of the information 
needed to identify preliminary general IPR siting areas. Figure 4-1 shows preliminary general 
I PR recharge facility siting areas for surface spreading and injection wells. The City’s production 
wellsareshownwithbufferzonesaroundthewells.Potablesupplywellsorwellsthatmightbe 
used for potable supply in an emergency (i.e., Stanford irrigation wells) are also shown with 
encircling bufferzones.Otherpumping wells nearthe potential I PR recharge areas are also 
shown. These wells are mostly used for irrigation and remedial extraction at contamination 
sites; although, some could also be used for domestic supply based on the designated use listed 
on the driller’s logs and District databases. However, while driller’s logs may identify a well’s 
use as domestic implying use for drinking water, the provision by the City of higher quality 
imported water for supply makes it unlikely that private domestic wells are being used for 
drinking water. Pumping well locations in San Mateo County, with the exception of potable 
supply wells, are approximate and generally located to model pumping. Bufferzones were 
generated based on the Darcy’s Law equation calculation of 6 months subsurface travel around 
each well and a DDW-required correction. 

DDW has developed Groundwater Replenishment with Recycled Water regulations (GWR 
regulations) (DDW, 2014). Among other requirements, the GWR regulations include provisions 
for determination ofaRRT, which is the time recycled water must be retained underground 
between recharge and extraction to allowa Project Sponsor ample time to identify potential 
treatment failures and implement appropriate actions to protect public health from 
inadequately treated recycled water. The minimum RRT allowed is 2 months and the proposed 
RRT must be approved by DDW. 

The needed travel time underground to achieve the required RRT is specific to each project and 
can be estimated by analytical methods (such as Darcy’s Lawflow calculations) or groundwater 
modeling, but ultimately must be validated byanaddedorintrinsictracertestapproved by 
DDW after startup ofthe project. Todd Groundwater and Woodard and Curran (Todd/WC) 
propose thatthe RRT be setat6 monthsforplanning purposes. RRTs at other active IPR 
projects in California range from about 2.75 to 7 months. 

Darcy’s Law was used to estimate groundwater velocity and travel time buffers around the 
City’s wells and other potable or potentially potable supply wells in the local area to help define 
preliminary IPR recharge facility siting areas. Darcy's Law is the basic equation that describes 
fluid flow through porous media represented by the following: 

v = K(Ah/AI)/n 
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where v=average lineargroundwatervelocity infeet perday,K=hydraulicconductivityinfeet 
perday, Ah/AI=groundwaterhydraulicgradientinfootperfoot(h = head and I=distance), and 
n = effective porosity in percent. 

Deep zone groundwaterelevation contour maps (Figures 3-26 and 3-28) indicate a hydraulic 
gradient of about0.004 foot perfoot in the Palo Alto area. Horizontal hydraulicconductivity in 
the deep aquifer layers in the District model developed fortheirongoing IPR studies (IMOD 
model) in the PaloAltoareais70ft/day. Effective porosity isassumed tobe0.20, typical offine 
sand (USEPA, 1986). Based on these parameters, the estimated groundwater velocity is 1.4 
ft/day. Based on an assumed RRT of 6 months, the buffer distance around each well is 255 feet. 
However, because of uncertainties associated with the Darcy equation and parameters used, 
DDWrequirestheapplicationofasafetyfactoroffourtotraveltimeestimatesdeveloped using 
such analytical methods. Multiplying 255 times 4 yields a buffer area of 1,022 feet around each 
well (rounded to 1,000 feet). It is noted that this buffer area is used for preliminary planning 
and thatgroundwaterflow modeling was conducted forthe selected I PR injection/pumping 
scenario to verify that adequate underground residence time is available to meet the proposed 
RRT (see Section 4.4.15). 

Figure 4-1 shows general groundwaterflowdirections based on deep zone groundwater 
elevation contour maps (Figures 3-26 and 3-28). Note that the groundwater elevation contours 
will change ifCity wellsare putintooperation and IPRrecharge is implemented. Simulation of 
groundwaterflowandelevationswas modeled asdiscussed in Section 4.4.15. Thesurface 
spreading IPR area is located in the recharge area in Palo Alto downgradient of the Pulgas Fault, 
which is thought to be a potential barrier to groundwaterflow and a couple thousand feet 
upgradient of the City’s Fernando and Matadero wells, about 4,000 feet upgradient of the Peers 
Park Well and more than 10,000feet upgradientof the City’s Main Library, Rinconada,and 
Eleanor Pardee wells. Areasofgroundwatercontamination (COE Site, HillviewPorterSite, 
Hewlett-Packard Site, and former Fairchild Semiconductor Site) are shown in Figure 4-1 located 
in the vicinity of the potential surface spreading area. One site (Town and County Village Site) is 
located inthegeneral injection well area. These sitesarediscussed in moredetail in Section 

3.5.3. 

Figure4-1 also shows thegeneral injection well IPR rechargefacility siting area. The area is 
hydraulically upgradientof the City’s Hale, Eleanor Pardee, Main Library, Rinconada, Peers Park, 
and El Camino Park wells. 

The preliminary purified water design flow allocated to Palo Alto is 5 million gallons perday 
(mgd)or5,600AFYofadvanced-treated water. This preliminary design flow was used to 
identify the total area required for surface spreading and number of injection wells. Lower and 
higher levels of IPR recharge were included in the five modeled scenarios discussed in Section 

4.3. Table 4-1 summarizes the District’s reported infiltration rates for their recharge ponds 
based on “potential recharge rates” presented in a District Groundwater Recharge Facilities 
report (1977) and “recharge capacity rates” presented in the 2016 Groundwater Management 
Plan (SCVWD, 2016b). In SCVWD (1977), the potential recharge rate includes the assumption of 
unlimited “clean” watersupply with and an expanded operationsand maintenance program 
and indicates a minimum infiltration rateof0.3ft/day, maximum rateof7.1 ft/day and average 
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rateof2.0ft/day.SCVWD (2016b)assumesthatrechargewaterisavailableallyearand that 
ponds are in normal operating condition and indicates a minimum infiltration rate of 0.02 
ft/day, maximum rate of 0.5 ft/day and average rate of 0.1 ft/day. The infiltration rate for Lake 
Lagunita located on the Stanford Campuswasestimated tobe0.2ft/day. However, itisnoted 
that Stanford had reported past attempts to clay line the lake to reduce the infiltration rate to 
reduce losses. The assumed infiltration rate has a significant impacton the calculation ofthe 
area neededforsurface recharge. Forplanning purposes, a rechargerateof0.3ft/day was 
assumed, which results in a required total surface spreading area of50 acres, assuming the 
need to recharge all the design flow of 5,600 AFY. The total potential surface spreading area is 
290 acres, so 50 acres represents almost 20% ofthe total area. Based on this analysis, the City 
determined that due to the large area required, surface spreading is not feasible and no further 
surface spreading facility siting or analysis were conducted. 


Table 4-1 District Recharge Pond Infiltration Rates 


Ponds 

Area 3 

(acres) 

Potenital 

Recharge Rate 3 
(AF/day) 

Recharge 

Capacity 6 

(AF/day) 

Infilltration 

Rate 3 

(ft/day) 

Infilltration 

Rate 6 

(ft/day) 

McClellan 

2.5 

4 

4.7 

1.6 

0.4 

Budd 

9 

24 

13.7 

2.7 

0.1 

Camden 

62 

20 

6 

0.3 

0.0 

McGlincy 

7 

50 

21.1 

7.1 

0.1 

Oka 

17 

10 

4.1 

0.6 

0.1 

Page 

14 

28 

14.5 

2.0 

0.1 

Sunnyoaks 

3 

8 

6 

2.7 

0.3 

Alamitos 

15 

15 

4.1 

1.0 

0.1 

Guadalupe 

48 

27 

18.1 

0.6 

0.0 

Kooser 

2 

10 

4.6 

5.0 

0.5 

Los Capitancillos 

61 

30 

7.9 

0.5 

0.0 

Ford 

34 

30 

NR 

0.9 

0.0 

Main Ave 

6 

10 

7.4 

1.7 

0.2 

Overfelt Gardens 

? 

8 

4.1 

- 

- 

Penetencia 

14 

16 

8.5 

1.1 

0.1 

Minimum 




0.3 

0.02 

Maximum 




7.1 

0.5 

Average 




2.0 

0.1 


a - Source: SCVWD, December 1977, District Groundwater Recharge Facilities. The potential 
recharge rate assumes an unlimited "clean" water supply with an expanded operations and 
maintenance program. 

b - Source: SCVWD, November 2016, 2016 Groundwater Management Plan, Appendix D - 
District Managed Recharge Facilities. The recharge capacity assumes water is available all year 
and that ponds are in normal operating condition. 

AF/day - acre-feet per day NR - not reported 

ft/day - feet per day SCVWD - Santa Clara Valley Water District 
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City pumping test data were used to estimate the potential injection rate and number of 
injection wells needed to accommodate the purified recycled waterdesignflow. Table 4-2 
provides pumping test data for City production wells (both current emergency supply wells and 
older wells). Pumping rates from initial specific capacity testing and more formal pumping tests 
vary considerably. Specific capacity testing pumping rates range from 490 gpm to 1,850 gpm, 
with an averageof1,007gpm. Pumping testsshowarangefrom173gpm to 1,864gpm with an 
average of 773 gpm. For planning purposes, the lowerend of the average is assumed. Typically, 
injection wells are assumed to deliver between 50% and 80% of production well yields. For 
planning purposes, an injection rateof400gpm was assumed. T o recharge 5 mgd of purified 
recycled wateratthisassumed injection ratewouldrequire9wells.Fordesignpurposes, one 
additional well was assumed for backup to account for wells being out of service due to 
maintenance, for a total of 10 wells. 

4.1.2 Injection Well Siting 

Figure 4-2 shows the general IPR injection well area, 1 ,000 feet by 1 ,000 feet groundwater flow 
model grid cells and City production wells. The target IPR injection well area encompasses 750 
acres ofwhich 23 acres are City-owned with an additional 143 acres of other publicfacilities. 
Possible injection well locations were identified within the general IPR injection well area 
considering proximity to City-owned properties and parcels designated as publicfacilities and 
open spaces. Parcel size and a preliminary review of existing land use were also considered. In 
selecting proposed injection well locations for modeling, preference was given to proximity to 
City-owned properties (which includes locations B4, B5, C4, C5, D5, G5 and E8) followed by 
other publicfacilities and open spaces (which includes locations F4, D7 and D8). The ability to 
group wells, thereby reducing distribution pipeline construction costs and proximity to existing 
City production wells were also considered. 

Figure 4-2 shows 17 possible injection well locations centered within the associated model grid 
cell. To provide the recommended 1,000 feet well separation, only one injection well is located 
in a model gridcell. 

4.2 IPR Water Quality and Potential Impacts 

4.2.1 Purified Water Quality 

DDW has developed GWR regulations that require specific water quality standards for purified 
recycled water used for injection. Purified recycled water produced at the RWQCP will meet or 
exceed these standards. Demonstration testing and monitoring of thefinished facility will 
provide documentation that the actual purified recycled water quality meets required 
standards. 
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Table 4-2 Aquifer Testing and Pumping Rates for City of Palo Alto Wells 


Owner 

Owner Well 

Name 

Use 

Date 

Drilled 

Well or 
Boring 
Depth 

(ft) 

Casing 

Diameter 

(in) 

Screen 

Interval 

(ft) 

Screen 

Length 

(ft) 

Depth to 
Bedrock 
(feet) 

Pumping 

Rate 

(gpm) 

Drawdown 

(ft) 

Time 

(hours) 

Specific 

Capacity 

(gpm/ft) 

Specific 

Capacity 

Transmissivity 

(ft2/d) 

Specific 

Capacity 

Hydraulic 

Conductivity 

(ft/d) 

Pumping 

Test 

Pumping 

Rate 

(gpm) 

Pumping Test 
Transmissivity 
(ft2/d) 

Pumping Test 
Hydraulic 
Conductivity 
(ft/d) 

Pumping 

Test 

Storage 

Coefficient 

Source 

City of Palo Alto 

Library 

Municipal 

Oct-09 

285 

18 

165-285 

120 

530 

600 

277 

24 

2.2 

579 

5 

600 

296 

1 

0.19500 

Bonkowski 2010 

City of Palo Alto 

Eleanor Pardee 

Municipal 

Dec-09 

460 

18 

160-280 

120 


1,000 

159 

10 

6.3 

1,682 

14 

1,000 

3,000 

9 

0.00295 

Bonkowski 2010 

City of Palo Alto 

Rinconada 

Municipal 

May-54 

900 

14 

156-900 

744 

>1082 

1,820 

35 

100 

52.0 

13,903 

19 

920 

4,597 

7 


CH2MHILL 1992 (older) 

City (newer) 

City of Palo Alto 

Middlefield 

Municipal 

Apr-05 

750 

14 

165-592 









505 

988 

10 


CH2M1992 

City of Palo Alto 

Seale 

Municipal 

Apr-05 

430 











350 

360 

9 


CH2M1992 

City of Palo Alto 

El Camino Park 

Municipal 

Feb-13 

280 

16 

152-204 

98 


1,850 

34 

8 

54.4 

14,548 

149 

1,864 

42,130 

86 


L&S, undated; analysis by Todd 

City of Palo Alto 

Park 

Municipal 

Apr-05 

522 

14 

155 

522 








173 

2,640 

58 


CH2M1992 

City of Palo Alto 

Peers Park 

Municipal 

Mar-58 

850 

14 

150-850 

700 


1,000 

138 

36 

7.2 

1,937 

3 





DWR log 

Carollo, 1999: Recent City Testing 

City of Palo Alto 

Fernando 

Municipal 

Oct-54 

1022 

14 


818 

1,178 

700 

232 

202 

3.0 

807 

1 





DWR log; City of PA 

City of Palo Alto 

Matadero 

Municipal 

Oct-56 

1186 

14 

142-1066 

924 


490 

105 

92 

4.7 

1,248 

1 





City of PA 

City of Palo Alto 

Hale 

Municipal 

Sep-55 

828 

14 

108-828 

720 

927 

1,000 

211 


4.7 

1,267 

2 





City (recent) 

City of Palo Alto 

Suzanne 

Municipal 

Oct-56 

1056 

14 

144-1056 

912 


605 

152 

85 

4.0 

1,064 

1 





DWR log 


MIN 


490 



2.2 

57E 

i.f 

Wc 

555 

CN 

00 

d 

0.00295 


MAX 


1,850 



54.4 

14,548 

149 

1,864 

42,130 

86 

0.19500 

AVE 


1,007 



15.4 

4,115 

22 

773 

7,716 

26 

0.09898 


ft - feet in - inches ft/d - feet per day L&S - Luhdorf and Scalmanini 

gpm/ft - gallons per minute per foot of drawdown ft 2 /d - square feet per day DWR - California Department of Water Resources 
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4.2.2 Dissolution of Naturally-Occurring Constituents 

When water types with different water chemistries (such as purified recycled water and 
groundwater) interact with subsurface sediments, the compatibility of such waters with 
unsaturated/vadose zone and aquifer materials requires examination because of the potential 
for adverse chemical reactions (e.g. leaching of naturally-occurring but potentially toxic metals). 
Adding purified waterto the unsaturated zone and aquifers may cause naturally-occurring toxic 
trace elements such as arsenic, chromium, lead, and mercury to desorb and dissolve from 
mineral surfaces. A secondary concern when introducing a different water type is the potential 
for reduction in aquifer permeability resulting from cation exchange and changes in the mineral 
structures ofclaysedimentsorfrom precipitation ofcalcite. Because the dissolved mineral 
content of purified water is very low, neither structural changes to aquifer solids nor 
precipitation of solutes is a concern. 

Typically, the IPR Project Proponent will conductdissolution studies using the purified recycled 
water being produced and soil samples collected from the proposed IPR area to evaluate the 
potentialformobilizationofnaturally-occurringconstituentsandaquifercloggingand report 
the results in the Engineering Report prepared for the project, which is reviewed by the 
regulatory agencies. Negative impactsof recharge of purified watercan be mitigated by 
buffering the purified recycled water, typically by lowering the pH. 

Nonetheless, in general, mixing of native groundwater with purified recycled water results in an 
improvement in groundwater quality due to the extremely low mineral content of purified 
water. Overtime it is anticipated that IPR in Palo Alto would lower levels of chloride, iron, 
manganese, andTDS, which resultinrelativelyhardwaterandassociatedaestheticissues. 

4.2.3 Mobilization of Environmental Release Site Contamination Due to IPR 
Operations 

Environmental contamination and potential mobilization of environmental contamination was 
discussed previously in Sections 3.5.3. Potential negative impacts to environmental release site 
contamination plumes or remedial systems due to increased groundwater pumping by the City 
was discussed in Section 3.6.6. Several groundwatercontamination plumes have been 
identified in the Palo Alto area. Two city wells, Fernando and Matadero, are located nearthe 
COE site plume (Figure 3-59). As discussed in Section 3.6.6, if these wells are pumped, regular 
monitoring is recommended for environmental contaminants. It is noted thatonly one ofthe 
pumping/injection scenarios discussed in the following section includes pumping of these two 
wells. 

As shown in Figure4-1, four contaminant plumes (COE, Hewlett-Packard, Hillview Porter, and 
Former Fairchild Semiconductorsites) are located nearthe IPRsurface spreading area, which 
wasdroppedfromfurtherconsiderationduetothe large spreading area need. Because no 
surfacespreading IPRprojectsare currently underconsideration, theseplumes will notbe 
impacted by potential IPR activities. 

One plume, associated with the Town and Country Village Site is located in the general IPR 
injection well area (Figure 4-1 ), however, the depth of contamination is characterized as less 
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than 50 ft-bgs. The injection wells will bedesigned to inject into theconfined zoneatdepths 
below200ft-bgs, so the IPR injection is not likely to mobilize contamination from this site. 
Typically, environmental groundwater contamination does not occur in the confined aquifers, 
due to the protection afforded by the confining layer. 

4.3 IPR Scenarios 

Five preliminary IPR injection/City pumping scenarios and a baseline “no project” scenario were 
initially developed. The baseline scenario assumes no IPR injection and no pumping by the City 
and was used for comparison to assess impactsof pumping/injection scenarios. The initial 
scenario goals were: 

Scenario 1 - Refined operable yield estimate with no IPR: Determine the City operable 
yield that is feasible with no IPR 

Scenario 2 - Operable yield with IPR: Determine the City operable yield with the 
preliminary maximum City recycled water design flow allocation of 5,600 AFY 
of purified recycled water for injection 

Scenario 3 -Realistic near-term scenario: PumptheEICamino ParkWellat80%ofits 
capacity (2,400AFY), determine if IPR is needed tosupportpumping 

Scenario 4 - Operable yield with reduced IPR: Inject 50% of the preliminary maximum City 
recycled water design flow allocation or 2,800 AFY of purified recycled water 
and determine theCityoperableyield that could be supported by this level 
of IPR (half of preliminary purified water design flow) 

Scenario 5-100%demand: City pumping at 12,000 AFY(100%of2020demand) and 
determine IPR needed to support this level of pumping 

The terms operable yield and feasible mean the level of City pumping thatwould not result in 
undesirable impacts such as excessive drawdown, subsidence, saline water intrusion, or 
impacts to streams. Criteria used to assessthese impacts arediscussed in Section 4.4.13. Initial 
estimates of pumping and injection were made and then modeling was used to testand refine 
the estimates to identify the pumping rates and locations and injection rates and locations that 
maximized City yield for each scenario. The final specifications for each scenario are described 
below and listed in Table 4-3. 

• Scenario 1 assumed no IPR and that all City wells are available for pumping. Pumping 
was distributed among the wells to minimize simulated drawdown and saline water 
intrusion risk at municipal wells near the Bay, including ones in San Mateo County. That 
riskturnedouttobetheconstraint on available yield. Adjusting the pumping locations 
allowed operable pumping at 3,000 AFY. All remaining scenarios assumed no pumping 
by the Matadero and Fernando wells because these two wells are located near 
contamination plumes, the wells are located a considerable distance upgradientof 
injection wells, and the remaining City wells have adequate capacity to achieve the 
desired pumping volume. 
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Table 4-3 Pumping/Injection Scenarios 


Scenarios 

Scenario Well Production - City Wells (AFY) 


Scenario No. 

Description 

City Pumping 
Volume 
(AFY) a 

Percentage of 
City 

Projected 
2020 Water 

Demand b 

Indirect Potable 
Reuse (IPR) C Injection 
Volume (AFY) 

Hale 

Rinconada 

Peers Park 

Fernando* 

Matadero* 

El Camino Park 

Eleanor Pardee 

Library 

City Well 
Production 
Capacity Used 

Injection Wells 
Utilized 

Well Production Capacity i 

[AFY) 

Total 

2,340 

5,327 

2,744 

1,130 

1,130 

2,986 

1,614 

968 

18,239 

0 

Baseline scenario. Goal is to model effects to the aquifer 
over the 30 year period from 2015-2044 at District-projected 
levels of pumping and recharge. 

0 

0% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0% 

-- 

1 

Preliminary yield estimate. Goal is to determine operable 

City pumping over 30 years without IPR. This scenario is 
meant to refine the preliminary operable yield estimate of 
2,900 AFY determined in the groundwater assessment. 

3,000 

25% 

0 

0 

675 

690 

263 

262 

750 

225 

135 

16% 

-- 

2 

Determine maximum operable yield with injection. Goal is 
to model groundwater augmentation with maximum 
potentially available purified water based on Palo Alto's 
existing recycled water allocation. This scenario will use 60% 
of the City's total projected 2020 water demand for the initial 
model run. 

7,200 

60% 

5,600 

1,054 

2,400 

1,236 

0 

0 

1,345 

727 

436 

45% 

B4,B5,C4,C5,D5, 

D7,D8,E8,F4,G5 

3 

Realistic near-term scenario. Goal is to model using El 
Camino Park Well only to supply 20% of the City's projected 
2020 water demand, and determine if IPR is needed to 
support this scenario. El Camino Park Well is technically the 
most feasible location for long-term groundwater production 
due to available storage, blending facilities, and space for 
treatment. 

2,400 

20% 

0 

0 

0 

0 

0 

0 

2,400 

0 

0 

15% 


4 

Reduced IPR. Goal is to model injection at a reduced level 
and at fewer locations to determine the operable pumping 
level with 2,800 AFY injection. This scenario will use 40% of 
the City's projected 2020 water demand for the initial model 

run. 

5,900 

49% 

2,800 

700 

600 

1,900 

0 

0 

1,800 

600 

300 

37% 

B4, C4, D5, F4, G5 

5 

100% Demand. Goal is to model complete City dependence 
on groundwater and to determine the IPR volume needed to 
support this scenario. Pumping is set at 100% of the City's 
projected 2020 demand. 

12,000 

100% 

8,400 

1,871 

3,610 

2,193 

0 

0 

2,387 

1,212 

727 

75% 

B4,B9, C4,C5,C8, 
C9, CIO, D5, D7, 
D8, D9, D10, E8, F4, 
G5 


AFY Acre-feet per year 

a Pumping volumes are in addition to the study area outputs determined in the Groundwater Assessment, such as groundwater supply pumping and construction dewatering 
b Total projected 2020 water demand for Palo Alto is 12,000 acre feet based on the City's Urban Water Master Plan 

c I PR - Indirect potable reuse; groundwater augmentation with purified water (highly treated wastewater) via injection wells 

* 

Matadero and Fernando wells are not considered in Scenarios 2 through 5 due to their proximity to known groundwater contamination, distance from injection wells, and ability of remaining wells to provide needed capacity 


Groundwater Assessment, 

and Indirect Potable Reuse Feasibility Evaluation 

and Implementation Strategy 


Todd Groundwaterand Woodard and Curran 

Page 102 





































FINAL 


• Scenario 2 assumed 5,600 AFY of injection. By trial and error, a concurrent maximum 
City pumping rate of 7,200 AFY was identified. 

• Scenario 3 assumed only the El Camino Park well pumping at 2,400 AFY. Modeling 
indicated that this pumping would be feasible without IPR. 

• Scenario 4 assumed a reduced level of injection of 2,800 AFY. By trial and error, a 
concurrent maximum City pumping rate of 5,900 AFY was identified. 

• Scenario 5 assumed that 100% of the City’s total 2020 waterdemand of 12,000 AFY is 
provided by groundwater. An initial testof8,400AFYof concurrent IPRproved to be 
infeasible. Thisexceedsthe planned IPRcapacity, so thisscenariowasdeemed 
infeasible without furthertesting. 

The findings of the modeling and scenario feasibility are presented in Section 4.4.14. 
4.4 Groundwater Modeling 

4.4.1 Overview of Groundwater Model Development 

A numerical groundwater flow model (IMOD) of the Santa Clara Subbasin (excluding the Coyote 
Valley Region) was developed for the District to evaluate proposed spreading and injection of 
purified recycled water in the subbasin (Todd, 2017a and 2017b). This original model is referred 
to as the IMOD model. The IMOD model was modified and recalibrated forapplication to the 
Northwest County Recycled Water Strategic Plan project and is referred to as the PMOD model. 
A general model overview, modification, calibration, and application for this study are 
presented herein. The reader is referred to the District IPR reports (Todd, 2017a and 2017b) for 
more detailed information on the IMOD model as a basis for the PMOD model. 

To simulate groundwater flow, both models use MODFLOW-2005, the current version of the 
MODFLOWfinite-difference computer program developed bytheUSGS(Harbaugh,2005).To 
expedite preparing and checking model input and processing model output, the MODFLOW 
program was operated from within GroundwaterVistas v.6.1, which is a widely-used graphical 
user interface program developed byandavailablefrom Environmental Simulations, Inc. 

Additionalstepsindatapreparationandmodelpost-processingwerecompleted using 
Microsoft Excel spreadsheets and custom Fortran utility programsdeveloped byTodd 
Groundwater. Processing of variables with geographicdistributions were completed using 
ArcGIS 10 software available from the ESRI company. 

The District’s IMOD model simulates three-dimensional groundwater flow Santa Clara Plain 
groundwatermanagementarea(SantaClaraSubbasinlesstheCoyoteValleyarea).ltwas 
developed during 2015-2017 by combining and enhancing features of two prior models (GMOD 
and XMOD)(Todd, 2017a). The PMOD model area includes the northwestern portion ofthe 
District’s IMOD model domain and extends further into San Mateo County. Information from 
concurrent development and calibration of the San Mateo Plain groundwater model—which 
overlaps the PMOD model—was incorporated. 

Thefollowing sectionsfocuson changes thatwere made to the District’s IMOD modelforthis 
study. 
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4.4.2 Active Flow Area and Model Grid 

The PMOD model domain is shown in Figure 4-3. The model domain encompasses the Santa 
Clara Plain and extendsto Redwood City in thenorth. Because the boundary between Santa 
Clara and San Mateo counties is a political boundary and does not representa hydrologic 
boundary, there is potential for groundwater to flow back and forth across the boundary 
depending on pumping and recharge conditions. Because increased City pumping and I PR in 
Palo Alto can influence flow patterns in both counties, the model was extended further into San 
Mateo County. Both the IMODand PMOD models includethe Santa Clara Formationon the 
southwestsideofthe Study Area in the active flowdomain. This area is included in the DWR- 
defined Santa Clara Subbasin extent. 

The PMOD model grid is the same as the uniform-grid version ofthelMOD model, but by 
converting inactive cells to active cells, the area of simulation was extended farther into San 
Mateo County to include the entire Study Area. 

A project-specific version of IMOD with variable grid spacing was developed for the District IPR 
study in 2016-2017. Examination of simulated water-level gradients and particle tracking in the 
fine-grid regions of that model indicated that results would have been essentially the same had 
the uniform-grid version of IMOD been used. That is, the curvatureof particle paths and the 
simulated travel times to downgradient locations did not appearto be affected by grid cells 
spacing. Accordingly, the uniform-grid (1,000 x 1,000-foot cells) version was selected for the 
Palo Alto IPRstudy. 

4.4.3 Model Layers 

The PMOD model layers were modified slightly from the IMOD model based on local available 
information. Both models have six layers. In the IMOD model, Layer 2 (second from top) 
represents a regional clay confining layer that extends inland from beneath San Francisco Bay. 
The cross sections prepared for this study do not support layer 2 as a prominent confining layer, 
rather, thin, discontinuous fine and coarse-grained deposits are observed throughout the basin 
with the amount of fine-grained deposits increasing near the Bay. 

The bedrock surface representing the base of the model was updated in PMOD to reflect the 
refined bedrock surface generated with ArcHydro tool discussed in Section 3.2.7.I. 

Layer elevations were also revised to match screen depths opposite coarse-grained deposits at 
the Eleanor Pardee multi-completion well. Based on the hydrogeologic cross sections presented 
inSection3.2.7.1,therearenoclearaquiferdepthzones(i.e.,shallowanddeepaquifersand 
confining layer), so layer depths were not tied to specific geologic horizons. Model layer 
elevations along grid row53 and grid column45 in the Palo Alto area are shown in Figure 4-3 
(section locations are shown in Figure 4-4). 

4.4.4 Hydrogeologic Properties 

The hydraulicconductivity and storativity(KandS, respectively) zone boundaries were 
reconfigured in the Study Area to test alternative conceptual patterns of geologic deposition 
and associated aquifer characteristics. These patterns included bands of uniform K and S 
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parallel to the western boundary of the Study Area between the hills and the Bay, and an 
alternative pattern with relatively high hydraulic conductivity in a band along the current 
alignment of San Francisquito Creek. Calibration results were not strongly affected by changes 
inzonalpatterns.Thethree-bandpatternandcalibratedKandSvaluesshowninFigure4-5 
produced results thatwere marginally betterthan the alternatives tested. Incontrastto the 
expected transition from higher horizontal K (Kh) near the foothills—where coarse sediments 
are present near the apex of San Francisquito Cone—to lower Kh near San Francisco Bay, the 
pattern selected by calibration had theopposite relative values. Theaquiferpropertyzones 
shown in thefigure have the same footprint in all model layers, although the extent of active 
cells becomes progressively smaller from layer 1 to layer 6. The aquifer properties for the three 
zonesinthePaloAltoareaarethesameinallmodellayers.Thepropertiesinthesouthern part 
of the Study Area were not changed from the I MOD model and vary by layer. 

The calibrated vertical hydraulic conductivity (Kz) pattern was more consistent with the 
hydrogeologic conceptual model, which includes increasing degree of confinement and thus 
decreasing values of Kzfromthefoothills to the Bay. The same Kz value was assigned to all 
layers, and the value near the Bay was calibrated to match the observed water-level differences 
between well screens of different depths at the Eleanor Pardee multi-completion monitoring in 
Palo Alto. 

Specific storativity (So) and specific yield (Sy) values were uniform with depth, and Sy 
progressed from largerto smallervalues between thefoothills and the Bay. This horizontal 
transition is similarto the pattern in the original IMOD model, butthe vertical distribution is 
more uniform. The calibrated K and S values differ somewhat from those in the San Mateo Plain 
Groundwater Model (SMPGWM), which encompasses the Study Area and was recently 
completed by anotherfirm (EKI, HydroFocusandTodd,2018). Aquifercharacteristicsinthat 
model were texture-based and varied over small distances. The Kh values in PMOD were within 
the rangeof values in the corresponding region of SMPGWM exceptforthe upper part of the 
San Francisquito Cone, where SMPGWM had much highervalues. Kz was within the rangeof 
values in the SMPGWM model. Therefore, values in PMOD were mostly about an order of 
magnitude greater than in SMPGWM. 

4.4.5 Calibration and Future Simulated Time Periods 

The calibration period and the future simulated time periods are the same in both the IMOD 
and PMOD models. Thefuture model simulations (2015 to2044) consisted of360 monthly 
stress periods that used actual 1985-2014 hydrology (calibration period) for natural rainfall, ETo, 
and stream flow recharge, which includes normal, wet and dry periods. The monthly stress 
periods are the increments of timefor which inputdata are specified. The model simulated 30 
years offuturehydrogeologicconditions (2015to2044)toevaluate the long-term movement 
of purified recycled waterunderground and of increased City pumping undernormal, drought 
and wet conditions. 

The simulation periods and stress periods were selected on the basis of several criteria: 
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• Land and water use conditions from 1985-2014 are similar to current conditions. 
Calibrating the model to conditions during 1985-2014 provided a more reliable basis for 
simulating future scenarios than calibrating to an older historical period. 

• Thirty years is sufficient to simulate long-term responses to changes in recharge and 
pumping. Itis relatively easy to switch the30-yearsimulationfrom historical (1985- 
2014) to future simulation period (2015-2044), whereas changing the duration of the 
simulation requires more comprehensive modification of model pre-processing and 
post-processing files. 

• Climatic conditions during 1985-2014 reflect the average for the h istorical period of 
record and include multi-year wet and dry periods. 

• Monthly stress periods offer a reasonable compromise between accurately simulating 
short-term non-linear hydrologic processes (such as recharge from large stream flow 
events) and simulating long-term changes in groundwater conditions with manageable 
data file sizes and model run times. 

4.4.6 Pumping 

For the 1985-2014 calibration period, the District’s pumping database was used to represent 
pumping in Santa Clara County. Pumping in San Mateo County was estimated in collaboration 
with the ongoing San Mateo Plain modeling work. Dewatering pumping in the Study Area was 
estimated from municipal records. Pumping assumptions are described in more detail in the 
Water Balance Section 3.4. 

A baseline and five scenarios were simulated forthe future simulation period. All assumptions 
forthe baseline and scenarios were the same except that City pumping and IPR recharge were 
added in differing amounts and locations for each of the scenarios, while the baseline assumed 
no increased pumping by the City and no IPR in the Palo Alto area. 

Thefuture simulation period also included estimatesof changes in future pumping by parties 
other than the City. The District’s WEAP model was used to predict future pumping and 
managed aquifer recharge (including IPR projects) forthe Santa Clara Subbasin portion of the 
Study Area, except for the City pumping, which was simulated at various volumes depending on 
the scenario being modeled. All totalizer pumping (i.e., multiple wells totaled as one value) was 
simulated as the 2010 to 2014 average. The District uses the WEAP model to evaluate 
conjunctive use of groundwater, local surface water, imported water and recycled water under 
different future conditions. The WEAP model was updated forthe Palo Alto IPR model 
simulations (file used: “2040 Trending Demand WEAP 

Simulations_Results_for_Palo_Alto_IPR_Simulation.xlsx”). Forthe San Mateo Plain Subbasin 
portion of the Study Area, available literature including 2015 Urban Water Management Plans 
(UWMPs)preparedbywaterpurveyorsaswellaspumpinginformationfromtheSan Mateo 
Plain Groundwater Model was used to predict future pumping. 

4.4.7 Other Factors 

For the calibration period, new recharge zones for the local Study Area and parameters were 
developedasdiscussed inSection 3.4. Apre-processing program wasusedtoestimate 
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dispersed recharge from rainfall, irrigation deep percolation and pipe leaks. Subsurface inflow 
from bedrock hills and other model boundaries were simulated as general-head boundaries, 
where the amount and direction of flow depends on concurrent simulated water levels. 
Subsurface flowto or from San Francisco Bay was simulated in the same manner. Flow between 
the groundwater system and overlying hydraulically coupled streams was dynamically 
simulated based on concurrent water levels. The model simulates stream flow as well as 
groundwaterflow, with mass conserved in both domains. Streamflowincluded unregulated 
natural rainfall runoff, local reservoir releases, and releases of imported water into creek 
channels for supplemental percolation. 

Forthefuture simulation, climate and natural streamflowfor2015-2044were the same asfor 
the 1985-2014-time series, except for the five streams most affected by updated WEAP values 
(including Calabazas, Los Gatos, Penetencia, Ross/Lone Hill, and Saratoga). Urban development 
factors (irrigation, irrigation efficiency, pipe leaks, impervious area, etc.) were held constant at 
2014 values for the future simulation period. 

4.4.8 Bay Water Level Rise 

Potential impactsofsea waterlevel rise (and associated Bay rise) were discussed in Section 
3.6.8. Opinions vary on the forecasted amountofsea level rise, butthere is little argumentthat 
the rising trend will continue. Rising Bay levels affect the groundwaterflowsimulations by 
increasing groundwater outflow to creeks and storm drains and potentially altering 
groundwatergradients from bay ward to inland. Atthe time the modeling was being planned, 
the City had adopted a sea level riseestimateof a minimum of55 inches by year2100 based on 
theSan Francisco Bay Conservation and DevelopmentCommissionprojectionsforcapital 
projects (City, 2016). For modeling scenarios, a 30-yearfuture simulation period was projected 
from2015to2044asdiscussed above. Based onalinearinterpolationofthe2100projection, 
the projected rise in sea level is 18.8 inches in2044. The model uses the NGVD1929 vertical 
datum. The 2044 sea level elevation is 2.8 feet above that datum. The City has since revised its 
sea level rise projections to numbers developed by the California Natural Resources Agency and 
Ocean Protection Council - Sea Level Rise Guidance 2018 Update. Overthe model simulation 
period, the two projections are close. For all scenarios including the baseline, the model 
simulated increased San Francisco Bay water levels of 18 inches for the entire projection period 
from2015to2044. This approach was used ratherthanagradually increasing trend so that 
higher sea levels could be simulated forall hydrologic conditions. The 2040 sea level was 
included in the future baseline scenario and thus its effects are included in all of the other 
scenarios. 


4.4.9 Initial Groundwater Levels 

Initial water levels for future scenario simulations were set equal to the simulated December 
2011 water levels from the calibration simulation. This represents recent groundwater levels 
without the temporary effects of the 2012-2017 drought. 
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4.4.10 Model Calibration 

The PMOD model was calibrated to reflect changes from the IMOD model. These included the 
largersimulatedflowdomain, revised estimatesof pumping, revised layerelevations, and 
revised estimates of dispersed recharge. Because the Study Area occupiesonlya small part of 
the total model domain, calibration focused on results in that area. Other parts of the flow 
domain were not modified for the Palo Alto IPR study, and the IMOD calibration forthose areas 
was assumed to remain adequate. 

Twenty-fouradditional wells in the Study Area with good water levels records were added to 
theoriginal IMOD model calibration data set. Monthly simulated waterlevelswerecompared 
to measured water levels at28 well locations in or nearthe Study Area, including one multi¬ 
completion monitoring well with4 separate well screen depths (Eleanor Pardee monitoring 
well). The calibration wells are all in the Santa Clara County part of the Study Area because 
water levels in San Mateo County are not routinely monitored. Groundwater elevation contour 
maps developed for this study and San Mateo County studies were also considered in the 
calibration process. 

The primary variables adjusted during model calibration were the zonal patterns and values of 
horizontal and vertical hydraulic conductivity (permeability) and aquifer storativity. The 
calibrated values are discussed in Section 4.4.4. In addition, stream bed permeability and drain 
conductance values were adjusted so that simulated recharge from streams and discharge to 
drains (representing discharge to sanitary sewers, storm drains and tidal wetlands) were similar 
in magnitude to independently derived estimates presented in Section 3.4. Outside the Study 
Area, model parameters were not changed from the values obtained during the original District 
IPR study IMOD model calibration. 

After calibration, simulated water levels matched hydrographs of measured water levels at 
most locations reasonablywell. 

Figures 4-5a through 4-5g show hydrographs of water levels for the 28 calibration wells in the 
Study Area. The location of each well is shown to the upper right of the hydrograph. 

4.4.10.1 Residual Statistics 

Various statistical metrics are commonly used to quantify model performance. The differences 
between each measured water level and the corresponding simulated water level is the 
residual. The model calibration guidelines presented in ASTM D-5490-93 (2014) recommend 
thatthese statistical summaries be calculated. Residuals statistics are nota completely 
objective measureof model performance because the processofselecting and evaluating 
measured data is subjective, as follows: 

• Often, some wells are excluded from the calibration data set because they are 
geographically clustered, have too few data points to be useful, or have erratic or 
apparently abnormal water levels. In this case, the 28 wells were somewhat clustered. A 
smooth, convex envelope drawn around the wells on a map had an area equal to47 
percent of the total non-tidal, onshore part of the Study Area. 
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• Some water-level measurements were omitted based on a subjective conclusion that 
they are not representative of ambient groundwater conditions (such as a measurement 
made while the well pump wasoperating). In othercases,thefrequency of measured 
data points was thinned to approximately monthly to achieve a more uniform frequency 
ofmeasurementsamongwellsandthroughoutthe1985-2014calibrationperiod.The 
green ovals in the hydrographs on Figures 4-6a through 4-6g encompass data points 
that were omitted from the statistical analysis of residuals. 

• Deciding whethermodel performance is adequate based on residuals statistics is 
subjective. Acommon rule ofthumb is that model performance can be considered 
acceptable if the root-mean-squared residual is less than 10% of the total range of 
measured water levels (Environmental Simulations, Inc., 2011). In this case, calibration 
was halted when most hydrographs exhibited a subjectively good fit between measured 
and simulated waterlevelsandwhenfurtheradjustmentstomodelinputsyielded little 
additional improvement. 

A scatterplot of the 3,378 pairs of measured and simulated water levels is shown in Figure 4-7, 
and the summary statistics are displayed on the graph. 

The mean residual is -0.3feet, which indicates thatthere is no overall bias toward high or low 
water levels. Looking atthe scatterplot, there areoutlying points in Iayer4 where measured 
water levels are 15-50 feet below sea level and the corresponding simulated water levels are as 
much as 60 feet higher. Those measured values were likely collected while the well pump was 
on or shortly after it shutoff, and the measured values reflect localized drawdown atthe well. 
Those pointscould reasonably havebeen removed from thestatisticaldatasetalongwith the 
many other data points that appeared to be influenced by pumping. 

Another notable residuals pattern is the large amount of scatter in layer 3 residuals. The scatter 
spreads equally above and below the 1:1 “perfect fit” line. Almost all of the scatter derives 
fromfourwells.Wells06S02W19M001 and05S02W35R001 accountfor77ofthe 90 largest 
negative residuals (observed level lowerthan simulated level), and wells 06S02W24C008 and 
06S02W20N001 accountfor72ofthe 90 largestpositive residuals. Thus, the largeamountof 
scatterdoes not indicate widespread inaccuracy in model results. Inspection of the hydrographs 
forthese wells (Figures4-6e, 4-6a, 4-6f and 4-6efor06S02W19M001,05S02W35R001, 
06S02W24C008and 06S02W20N001, respectively) providesaclearerpictureofhowtheir 
simulated water levels deviate systematically from measured water levels. 

The standard deviation ofthe residuals provides a quantitative measure ofgoodness-of-fit 
between simulated and measured water levels per industry standard ASTM D-5490-93 (2014). 
For the PMOD model all measured values were assigned the same weight, so no adjustments 
related to weighting were necessary. The standard deviation ofthe residuals was 11.8ft. The 
standard deviation is commonly divided by the overall range in measured water levels to obtain 
a dimensionless metric known as the normalized standard deviation. In this case, the range of 
water levels was 129 feet, and the normalized standard deviation was 9.2%. 
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4.4.11 Model Advantages and Limitations 

The advantages and limitations of the District’s IMOD model relative to its predecessors GMOD 
and XMOD have been previouslydocumented (Todd,2017a).Thesamegeneraladvantagesand 
limitations apply to the PMOD model. Relative to IMOD, PMOD offers the following advantages 
for some model uses: 

• The calibration focuses on the Santa Clara County part of the Study Area, with improved 
results and more apparent accuracy in that region than the IMOD model. 

• ThePMODdomainextendsfartherintoSanMateoCountyandhasmoreaccurate 
estimates of pumping locations and rates. This adds accuracy to the calibration and to 
simulated alternatives in that part of the model domain relative to IMOD. 

Despite the above improvements, PMOD is still a simplified representation of the physical 
groundwatersystem. Usability tosimulatealldetailsofgroundwaterflowand levels is limited, 
and those limitations should be considered when applying the model to address groundwater 
management questions. Limitations of the PMOD model include the following: 

• The lack of production wells with long-term hydrographs in the San Mateo County 
portion of the Study Area results in a poorer calibration in this area. 

• Model resultsaremoreaccurateattheregionalscalethanatlocalscales.Thisispartly 
due to the high degree of horizontal and vertical spatial variability in groundwater 
conditions evident in measured water level data. The model provides a good estimate of 
the “average”groundwaterconditions atany location in the model area, butthe actual 
conditions encountered if a well were drilled at that location could differ from the 
average. 

• Accurate simulation of local groundwater conditions is also limited by the grid cell 
spacing. The simulated water level in each model cell represents the average water level 
overthe 1,000x1,000-foot cell. The actual water level ata pumping well within the cell 
would be lower than the average. Thus, the model is not an appropriate tool for 
evaluating available drawdown or well screen dewatering in wells orthe drawdown 
caused by a pumping well at another well located less than 1,000 feet away. 

• The limitations on spatial accuracy of model results apply to vertical as well as horizontal 
accuracy. The complex distribution of individual lenses of alluvial materials with 
differenttextures is represented crudely in the model. Vertical water-level gradients 
should be viewed as averages over areas encompassing several square miles. Actual 
gradients at specific locations are highly influenced by the screen depths at nearby 
production wells. 

• The model is notcapableofaccurately simulating hydrologicprocessesovertime 
intervals less than one month, which isthestressperiod duration usedfortransient 
simulations. This includes drawdown during pumping cycles shorter than one month 
and the effects of brief stream flow peaks on groundwater recharge. 

• The PMOD model does not simulate subsidence. Consequently, results mightnot be 
accurateforscenarios in which groundwater levels approach or drop belowthe 
minimum water levels reached in the 1960s. 
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• The PMOD model does not simulate the difference in density between San Francisco 
Bay water and groundwater. Thus, for scenarios in which simulated groundwater levels 
near San Francisco Bay—particularly in model layer 1 —approach or drop below sea 
level, the results might underestimate the rate and extent ofsaltwaterintrusion. Note 
that as discussed above, it is not certain that elevated chloride detected in the Study 
Area is actually the result of saltwater intrusion, but may be due to leaching from 
marine formations (Metzger, 2002). 

4.4.12 Flow Between Shallow and Deep Aquifers and Lateral Flow Across 
Study Area Boundaries 

The groundwater model was used to evaluate vertical flows of water between shallow and 
deep aquifers in the Study Area and to compare those fluxes with the amount of net inflow 
from Subbasin areas outside the Study Area. The vertical fluxes and the lateral boundary fluxes 
vary by location and overtime, butthe netflux is of greatest importance from the standpointof 
watersupply.Forthe vertical flux evaluation, model layers 1 and 2 weregroupedasa shallow 
zoneand layers 3-6 as a deep zone. For recent historical conditions (calendaryears 2005-2014), 
average annual water balances were subtotaledfortheshallowand deep regions within the 
Study Area. Flows were substantial in both direction across the boundaries between shallow 
and deep, shallow and external, and deep and external. For the shallow zone in the Study Area, 
there was a netgroundwaterinflowfrom areas outside the Study Area of 1,420AFYand a net 
downward flowto the deep zone of2,450 AFY. The only two sources of recharge to the deep 
zone were the downward flux and 1,300AFY of netinflowfromareasoutsidetheStudyArea. 
Together, these inflows exactly balanced the amount of pumping. Thus, net lateral inflow to the 
deep zone supplied 37% of the pumping, with downward flux from the shallow zone accounting 
forthe remainder. In the shallowzone, net lateral inflow was only 12% of total inflows and 
hence contributed 12% of the water extracted by wells. 

Most ofthe time, simulated vertical gradients in recentyears between the shallowand deep 
zones were downward in inland areas and upward nearthe Bay. The net downward flux of 
2,450 AFY was the difference between 6,370 AFY of downward flux and 3,930 AFY of upward 
flux. Vertical flowgradients between the shallowand deep aquifers can change based on 
hydrologic and pumping conditions as groundwater levels in the two aquifers change relative to 
each other. 

4.4.13 Impacts Assessment Criteria 

Quantitative criteria were developed for evaluating saline water intrusion, subsidence, creek 
depletion, and impacts to nearby supply wells associated with model-simulated future 
groundwater elevations. The criteria were used to assess negative impacts ofthe five scenarios 
and their feasibility. A summary ofthe criteria is provided below. 

1. Saline Intrusion -- Criteria 1) Water levels at a potentially affected well 

Duration of water levels below sea level does not exceed 12 years and the 12-year 
runningaveragedoes notexceedl Ofeetbelowsea level during thattime(depth- 
duration limit equal to 1/5 the historical depth-duration combination). 
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2. Saline Intrusion -- Criteria 2) Water levels between well and Bay 

Water levels in wells of similar screened interval and located between the pumping well 
and San Francisco Bay remain above sea level throughout the period when water levels 
at the pumping well are below sea level. 

3. Subsidence -- Criteria 3) Subsidence threshold 

Sustained (12-year moving average) groundwater levels remain above -40 ft-msl. During 
future periodsofsignificantCity pumping, waterlevels in a threshold well in the Palo Alto 
area should be monitored. 

4. Impacts to Creeks -- Criteria 4) Streamflow depletion 

Therangeofacceptablestreamflowdepletionisuptol cubicfeetpersecond(cfs)ifit 
does not reduce steelhead passage opportunity by more than 10% in any 3-year period. 

5. Impacts to Nearby Wells - Criteria 5) Reduced water levels 

Increased City pumping does notcausegroundwaterlevelstodroptomore than 70ft- 
bgs(mediandepthtotopofscreeninlocalareadomesticandirrigationwells)formore 
than three consecutive years to prevent potential screen corrosion. 

4.4.13.1 Saline Intrusion 

Efforts in California to identify protective groundwater elevations that will avoid seawater 
intrusion typically assume a relatively unlayered aquifer system and focus on the density 
difference between seawaterand freshwater (HydroMetrics, 2012; Geoscience, 2013). Because 
of the density difference, seawater can theoretically extend inland atthe base of an aquifer 
beneath an overlying freshwater zone even if water levels in wells are slightly above sea level. 
The density relationship is described by the Ghyben-Herzberg equation. While theoretically 
correct, the equation assumes hydrogeologic conditions completely unlike conditions along the 
San Francisco Bay shoreline in the Study Area. The equation applies to a single layer of sand in 
connection with theocean in which fresh groundwaterflows to the sea overa basal wedgeof 
saltwater. In the Study Area, the Santa Clara and San Mateo Plain subbasins consist of 
numerous thin and primarily fine-grained layers of alluvial materials with sufficient lateral 
continuity to create strong groundwater confinement except near the foothills where 
unconfined recharge areas occur. Historically, confined conditions created a band of flowing 
wells along the Bay margin and even today, many wells in the area, including some located well 
inland, currently show artesian conditions. The monitoring well cluster at Eleanor Pardee Park 
currently exhibits an upward groundwater gradient with the water levels in the deep well 
completions above the ground surface. 

Theconnectionbetweentheshallowgroundwatersystemand the Bay occurs where there is 
permeability across the fine-grained confining layers. Previous studies have concluded that 
some cross-cutting permeability occurs where major streams—such as San Francisquito Creek 
and the Guadalupe River—have cut through fine-grained layers, and more importantly, where 
wells penetrate across the layers and provide conduits for vertical groundwater flow within the 
groundwaterbasin (Iwamura, 1980; Poland and Green, 1962). Furtherevidenceofgeneral 
confinement with localized vertical flow paths include the presence of fresh groundwater 
beneath San Francisco Bay in geotechnical borings completed forthe Dumbarton Bridge 
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construction, isolated areas of elevated groundwater salinity separated from the Bay by fresher 
groundwater, and the seasonal reversal of salinity trends in some wells suggesting localized 
contamination by relatively small volumes of saltwater (Iwamura, 1980). The Metzger (2002) 
study of hydrogeologic conditions near San Francisquito Creek concluded that chloride-rich 
marine sediments and undifferentiated clays are the likely source of high chloride in wells 
sampled forthe study and not saline intrusion from the Bay. This conclusion was based on 
chloride-to-iodide ratios, which can be used to differentiate sources of chloride. The City’s Hale 
and Rinconada wells were sampled as part ofthat study. Hamlin (1983) attributed very high 
chloride concentrations (significantly higher than in Bay water) in the Baylands area to 
evaporative concentration and percolation inthesaltmarshesandsaltevaporation ponds, 
resulting in hypersaline brine in shallowgroundwater near Bay (Hamlin, 1983 and 1985). 

Chloride concentrations in the Hale and Rinconada wells fluctuate significantly but appear to 
have generally increased over a historical period when groundwater elevations were generally 
rising (see Figure3-49). This isoppositeofthe expected trend if saline waterwere intruding 
from the Bay. In the Eleanor Pardee multi-completion monitoring well, the highest chloride 
concentrationsarefoundintheseconddeepestscreened interval, which is720to740ft-bgs 
(see Figure 3-49). The shallowest interval hasthe lowest chloride concentrations. These results 
indicate that elevated chloride concentrations are originating from formation sediments rather 
than saline intrusion from the Bay. These results raise questions about the potential for saline 
water intrusion impacts if groundwater levels are drawn down by significant City pumping. 
Nonetheless, a groundwater level and duration criterion is proposed as a precaution because 
hypersaline water is documented to occur in the Baylands area and City wells are screened in 
both the Shallowand Deep aquifers. So, the potential exists to pull shallowhypersaline 
Baylands water inland. 

Saline Water Intrusion Risk Criterion 1: Water Levels at a Potentially Affected Well 
For a pumping well near San Francisco Bay, the risk of saltwater potentially reaching the well is 
related to water levels at the well, well screened intervals, and water levels between the well 
and the Bay. For planning purposes, water level criteria are proposed that provide reasonable 
assurance that saltwater will not reach the well. For water levels at the well, the criterion 
defines a combination ofwater level depth and duration adequate to avoid saline intrusion. In 
the case of the Hale Well and nearby wells (Figure 3-30), the average water-level depth during 
1916-1978 (period of greatest historical groundwater level decline and recovery) was -51 ft-msl, 
and the average during the declining period (1916-1962) was -57 ft-msl. It would be 
conservative toassumethatfuture temporary declines in water levels equal to one-fifth ofthat 
depth-duration combination would avoid the arrival of saltwater atthe well. In other words, if 
the duration ofwater levels belowsea level does not exceed about 12 years duration and the 
12-yearrunning averagegroundwaterelevation is not lowerthan -1 Oft-msl during thattime, it 
is unlikely that groundwater salinity at the well would increase substantially, assuming intrusion 
isthesourceofthesalinity.The12-yearbaseperiodforanalysisisappropriatebecauseitis 
roughly the scale of major historical droughts in California: 7 years of water-level declines 
followed by 5 years of recovery back to sea level. It matches, for example, simulated 
hydrograph patterns during the 1987-1992 drought and subsequent recovery. 
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This depth-duration averaging approach allows for short, intense droughts as well as longer-less 
intenseones. This is illustrated conceptually by thethreehydrograph plots in Figure4-8. The 
top plot shows hypothetical annual water levels (blue curve) and 12-year moving-average water 
levels (red curve)foramajordroughtduring which annual waterlevelswerebelowsealevelfor 
8 years, reaching a minimum of-25ft-msl. The 12-year-moving-average water level curve 
reached a minimum of-8ft-msl, which is within the 10-foot limit suggested forthis exercise. 
The middle plot shows water levels for a shorter, more intense drought. Annual water levels fell 
to as much as -40 ft-msl,butthe total duration below sea level was only 7 years. In this case, 
the 12-year-moving-average curve also remained above the-1 Oft-msl criterion. In thefinal 
example (bottom plot), water levels were low and slowly declining before crossing the sea-level 
threshold, as mightoccurduring a prolonged mild drought. They continued declining to-14ft- 
msl (much shallowerthan in the previous examples) before recovering to sea level after 12 
years. In this example, the 12-year-moving-average curve also remained above the -10 ft-msl 
criterion. In summary, all three of these drought scenarios would meet the acceptability 
criterion for water levels based on a depth-duration limit equal to one-fifth of the historical 
depth-duration combination. 

Saline Water Intrusion Risk Criterion 2: Water Levels Between the Well and Bay 
The second risk criterion is whether groundwater levels between the pumping well and the Bay 
are above sea level. Specifically, as long as water levels in wells of similar screened interval and 
located between the pumping well and San Francisco Bay remain above sea level throughout 
the period when water levels atthe pumping well are below sea level, saltwater is not likely to 
reach the pumpingwell. 

Potential Saline Intrusion Monitoring 

Monitoring wells between a production well and the Bay to provide early detection of intrusion 
(“sentry wells”)canallowintrusiontobedetectedandpumpingtobe reduced before saltwater 
moves inland. In recent years, for example, sentry wells have been installed at three locations 
in the Westside Basin (Sunset District, Daly City and San Bruno), in Soquel and in the Seaside 
Basin nearMonterey.TheCityofEastPaloAltohasestablished a network ofwater level and 
quality monitoring wellsas part of its Groundwater Management Plan (Todd, 2015). Itshould 
be noted that sentry wells do not provide a perfect means of detection because intrusion 
commonly moves via circuitous pathways, not as a massive front. For example, saltwater that 
was gradually advancing inland in Los Osos (near San Luis Obispo) bypassed a sentry well and 
arrived unexpectedly at an important municipal production well. Nonetheless, if the City begins 
groundwaterpumping on a regular basis, it is recommended that sentry wells be identified 
and/or installed and monitored for saline intrusion. 

Application of Saline Intrusion Criteria 

If a scenario meets criterion 1 butfails criterion 2, or vice versa, it is considered generally 
feasible, although increased monitoring may be warranted if implemented. If it fails both 
criteria, it would be deemed infeasible without modifications such as reduced or redistributed 
pumping, increased IPR volume, and/or increased monitoring. Scenarios meeting both criteria 
are presumed to be most conservative in protecting against saline intrusion. 
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4.4.13.2 Subsidence 

Subsidence thresholdsforgroundwater levels have been established bytheDistrictfora 
network of wells in the basin. The nearest subsidence threshold well, located in Mountain View, 
has a subsidence threshold of-26 ft-msl (Geoscience, 1991). In addition, the District monitors a 
network of surface elevation benchmark points including several in the Palo Alto area. It is 
noted that the Palo Alto area experienced less historical subsidence compared with other areas 
in Santa Clara Valley even though groundwater levels in Palo Alto reached about -135 ft-msl at 
theendofthe peakpumping period in the Hale well. Forevaluation ofscenarios, sustained (12 
years) water levelsofgreaterthan-40ft-msl is proposed asthecriterionforsubsidence. This 
threshold elevation islowerthanthethreshold elevationof-IOftmsIspecifiedforSaline Water 
Intrusion Risk Criterion 1. Therefore, the intrusion criterion will be the limiting constraint. That 
is, if water levels meet the intrusion criterion, subsidence will be avoided. 

Potential Subsidence Monitoring 

As discussed in Section 3.6.3, it is recommended that a new monitoring well in the Palo Alto 
area be added to the District’s network of subsidence index wells and a subsidence threshold 
identified for the well if the City initiates increased pumping. During future periods of 
significant City pumping, water levels in a threshold well in the Palo Alto area should be 
monitored. 


4.4.13.3 Impacts to Creeks 

San Francisquito Creek is the primary creek of interest in the Study Area because City wells are 
located proximate to the creek and it is the only riparian, unchannelized urban creek on the 
south Peninsula. Baseline conditions (no IPRorCitypumping)can be compared to modeled 
creek flows under each scenario to evaluate potential stream flow gains and losses. The 
proposed criterion for the acceptable range of streamflow depletion is that a reduction in 
streamflowatany location along the creek ofup to 1 cfsfrombaselineconditionsisacceptable 
if it does not reduce steelhead passage opportunity by more than 10% in any 3-year period. The 
location of the critical riffle thatfirst blocks fish passage as creekflows recede has not been 
identified in San Francisquito Creek, and theflow required to maintain sufficientwaterdepth 
forsmoltand adult passage (typically aboutO.3 and 0.6foot, respectively) is not known. The 
biologicalopinionforsteelheadinSanFrancisquitoCreekpreparedforaflood control project 
used a simpler and less accurate approach based on flow duration analysis to conclude that the 
minimumflowforadult passage nearthelowerend of San Francisquito Creek is 3 cfs and the 
minimumflowforsmoltpassageisl cfs (National Marine Fisheries Service (2015). In other 
California coastal streams where flow hydraulics over critical riffles have been studied, 
minimum passage flows are on theorder of a fewtens of cfs foradults. The typical rate offlow 
recession in spring in the 10-80 cfs range is4 cfs per day. In that case, a 1 cfs reduction inflow 
would shorten the window oftimefor passage by a fraction of a day. This criterion proposed in 
this report that flow depletion of up to 1 cfs is less than significant provided it does not 
decrease passageopportunity by more than 10% in any 3-yearperiod should be considered 
preliminary, pending input and evaluation by fisheries biologists. A passage opportunity analysis 
was not completed for this project but typically consists of tabulating the number of days 
within the adult and smolt migration seasons each year that exceed the minimum passage flow. 
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This iscompared with the numberofdaysofpassableflowifflows were depleted by some 
amount, which for the scenarios simulated in this study was approximately 0.5 cfs. 

Flow depletion can potentially impact riparian vegetation in addition to fish. Based on three 
sites along San Francisquito Creek where flows were measured forthis study in 2017, a 
decreaseof 0.5 cfs inflowwould decrease creek water surface elevation by aboutO.1 footat 
lowflows. This change in watertable elevation immediately adjacenttothecreekis well within 
the facultative rooting depth range for willow, cottonwood, sycamore, box elder and other 
common California riparian plant species (Nature Conservancy, 2018). 

4.4.13.4 Impacts to Nearby Wells 

Increased pumping by the City has the potential to lower groundwater levels in nearby pumping 
wells causing groundwater levels to drop belowthe top ofwell screens potentially resulting in 
screen corrosion. The median top ofwell screen for domestic/irrigation wells in the Palo 
Alto/Menlo Park/East Palo Alto area is about70ft-bgs. The proposed criterion for negative 
corrosion impacts is if the City’s pumping wells lower groundwater levels in the Palo 
Alto/Menlo Park/East Palo Alto area to depths greater than 70 ft-bgs for more than 3 years. 

4.4.13.5 High Groundwater in the Shallow Aquifer 

TheStudyAreaisknowntoexperiencehighgroundwaterlevelsintheshallowaquifer, which 
require dewatering at some locations. Many deep aquifer wells currently exhibit artesian 
conditions with water levels above their respective ground surface elevation. The purified 
recycled waterinjection wells will bedesigned toonly inject into thedeepaquifer. Significantly 
increased groundwater levels in the deep aquifer caused by injection of purified waterwould 
not cause high groundwater in the shallowaquifer because the aquifer is confined such that 
groundwater does not readily move from the deep aquiferto the shallow aquiferthrough the 
confining zone. Therefore, injection is not expected to cause increased groundwater levels in 
the shallow aquifer. Because the City’s wells are screened in both the shallow and deep 
aquifers, the IPR project is expected to reduce high groundwater conditions in the shallow 
aquifer near the production wells. No criteria are proposed for this potential impact because no 
negative impacts are expected. 

4.4.14 Scenarios Impacts Assessment 

Each scenario was modeled and groundwaterelevation contour maps, groundwater 
hydrographs, and stream flows were generated. These outputs were used to evaluate each 
scenario relative to the criteria presented above to determine scenario feasibility. 

4.4.14.1 Simulated Water Levels and Stream Flow 

Figures 4-9a though 4-9e show hydrographs of simulated groundwater levels for Scenarios 1 
through 5, respectively, at wells where the risk of triggering intrusion or subsidence is greatest. 
Hydrographs are shown for the Rinconada, El Camino Park and Hale wells, which are the City 
wells that had the lowestwater levels in the scenario simulations and thusweretheones that 
constrained the maximum amountof pumping. Figure4-10ashowscontoursofsimulated 
groundwater elevations for future baseline hydrologic conditions corresponding to hydrologic 
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conditions in September 1992 (nearthe minimum elevation in most hydrographs) in model 
layer 3. Hydrologic year conditions in 1992 correspond to 2022 in the future model simulations. 
Figures 4-1 Ob though 4-1 Of show contours of simulated groundwater elevations for hydrologic 
conditions corresponding toSeptember 1992for model layer 3 for Scenarios 1 through 5, 
respectively. Figures 4-11 a through 4-1 If show simulated depth to groundwater contours for 
hydrologic conditions in September 1992 (corresponding to future model simulation year 2022) 
in model layer 1 for the baseline and Scenarios 1 through 5, respectively. Figures 4-12a through 
4-12c show San Francisquito Creek flows compared with baseline flows for each scenario. The 
figures described above are used to assess the feasibility of each scenario based on the criteria 
defined above. 


4.4.14.2 Saline Water Intrusion 

For some of the scenarios, one or more City wells did not meet the saline water intrusion 
Criterion 1 (see Figures 4-9a through 4-9e). That is, the 12-year moving-average water level at 
those wells dropped to lower than -10 ft msl during 1987-1992 hydrologic conditions. Note that 
the Y axis scale in the hydrographs is based on the NGVD29 elevation datum used in the model. 
Future (2044) sea level is indicated on thegraphsas a horizontal yellowline. Wellsthatdid not 
meet the criterion were the Rinconada Well in Scenario 2, the El Camino Park Well in Scenario 

3, and the Rinconada and Hale Wells in Scenario 5. All wells met the criterion in Scenarios 1 and 

4. 

The second saline water intrusion criterion can be evaluated using the water-level contour 
mapsforSeptember1992 (4-10athrough4-1 Of). Those contoursareformodellayer3, which 
generally experienced the greatest pumping effects and lowest water levels. The critical 
location for all six scenarios—including future baseline—is between the pumping depression at 
the Palo Alto Park M utual Water Company (PAPMWC) wells and the shoreline of San Francisco 
Bay. Underfuture baseline conditions, the PAPMWC pumping depression was below sea level, 
but water levels atthe shoreline 2 to 7 feet above future sea level (the horizontal yellow line). 
Also, simulated vertical gradients were upward atthe shoreline, which provides additional 
resistance to seawater intrusion. For Scenarios 1,2,3 and 4, City pumping was increased until 
the simulated September 1992 water level at the Bay shoreline near PAPMWC was at or slightly 
abovefuturesealevel(Figures4-10bthrough4-10e).ForScenario1,theoperableyield 
pumping rate (3,000 AFY) turned outto be very close to the independent estimate obtained 
from the water balance analysis in Section 3.4 (2,900 AFY). The contours for Scenario 3 show 
that heavy pumping at the El Camino Park well creates a large pumping depression that extends 
asfaras PAPMWC, where itlowered 1992waterlevels by about2feet. However, waterlevels 
at the Bay shoreline remained above sea level, and the vertical gradient between model layers 
was still upward. Scenarios 2 and 4 demonstrate that IPR injection in the general vicinity of City 
wells counteracts the drawdown caused by pumping. At the Bay shoreline, the net effect is that 
water levels remained at or slightly above sea level. If the amount of IPR is insufficient to 
balance the amount of pumping, excessive drawdown extends to the Bay shoreline. This was 
the case in Scenario 5, in which City pumping exceeded I PR by 3,600 AFY. Waterlevels atthe 
shoreline were3 to4feetbelowfuture sea level, and the vertical water-level gradient between 
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model layers was downward. Thus, Scenario 5 was the only scenario that did not meet Criterion 
2 for saline water intrusion. 

The low water levels shown in Figures 4-1 Ob through 4-1 Of were a temporary condition 
representing the highest intrusion risk during the 30-year simulation period. As the 
hydrographs indicated (Figure 4-9a through 4-9e), water levels are substantially higher most of 
the time. Water-quality degradation from intrusion typically develops when water levels remain 
below sea level for a number of years. The water levels in Figures 4-1 Oa through 4-1 Oefor 
Scenarios 1 -4, respectively, might not be sustainable as a chronic condition, but are sustainable 
as a transient condition. 

4.4.14.3 Subsidence 

Scenarios 1 through 4 were sustainable with respect to subsidence because water levels never 
declined to more than 40 feet below sea level. Scenario 5 did not meetthis criterion at the 
Rinconada Well, where simulated layer 3 water levels were approximately equal to -40 ft msl in 
normal and wet years and as low as -50 ft msl (as an annual average) during drought conditions 

(Figure 4-9e). 


4.4.14.4 Impacts to Creeks 

Figures 4-12a through 4-12c show simulated streamflowdepletion for baseline and scenarios 
for various stream flow conditions. The range in streamflow depletion is from 0.5 cfs for 
Scenarios 1,2, and 3 to 0.6 cfs for Scenario 4 and 0.7 cfs for Scenario 5. None of the Scenarios 
results in more than 1 cfs of depletion and therefore pass the criterion. 

4.4.14.5 Impacts to NearbyWells 

The potential impact of City pumping on water levels at nearby wells was evaluated by the 
simulated depth to water in model layer 1 in September 1992 for each scenario. The criterion is 
based on the premise that corrosion might occurnearthe top ofthe well screen of an average 
residential well if the water table were greater than 70feet belowground surface for more 
than 3 years. Afterthefirstfewyears ofthe simulation, drawdown caused by City pumping 
remained constantthroughouttherestofthesimulation because City pumping wasthe same 
every year. The lowest water levels at nearby wells would thus occur under fall 1992 hydrologic 
conditions. Model layer 1 contains the water table and is the appropriate model layer to 
evaluate impacts occurring at relatively shallow depths. 

Figures4-11athrough4-11fshowscontoursofsimulateddepthtowaterinmodellayer1 in 
September 1992 forthe future baseline and Scenarios 1 through 5, respectively. They show that 
depth to water gradually increased with inland distance from the Bay. Depths to water 
exceeded lOOfeet in some locations along the western boundary ofthe StudyArea. This is a 
common pattern in many groundwater basins, where the ground surface slope is steeper than 
the water table slope. The 70-foot criterion for well screen exposure does not apply to wells 
along the inland edgeofthesubbasins because the watertable is naturally thatdeepand wells 
are constructed accordingly. The criterion applies in the general vicinity ofthe City wells, where 
future baseline depth to water was less than 30 feet under 1992 conditions. None ofthe 
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scenarios caused the water table to drop to more than 70 ft-bgs. The closest was Scenario 3, 
where the depth to water was slightly over 60 feet at the El Camino Park Well. 

4.4.14.6 Summary of Impacts Assessment 

Table 4-4 provides a summary of the criteria evaluation for each scenario. Scenarios 1 through 
4arefeasibleattheselectedcombinationsofCitypumpingandlPRrecharge.Scenario5did 
not meetfourofthefive criteria. Saltwater intrusion Criterion 1 was not met in Scenarios2 and 
3 due to low simulated water levels at the Rinconada and El Camino Park wells. However, water 
levels atthe Bay shoreline remained ator above future sea level throughout the simulation, 
thereby achieving feasibility by meeting saltwater intrusion Criterion 2. The saline water 
intrusion criteria were consistently the ones limiting yield, usually because of the low simulated 
water levels and inland gradients atthe PAPMWC well. All scenarios metthe sustainability 
criteria for stream flow depletion and impacts on water levels at nearby wells. 

4.4.15 Selected Scenario 4 Feasibility 

While four of the scenarios were deemed to be feasible or generally feasible, with 
modifications, Scenario4was selected forcontinued evaluation and carried forward forcost 
estimating and developmentof an implementation strategy. Scenario4 is the reduced IPR 
alternative, assuming 2,800 AFY of injection and 5,900 AFY of City pumping, which represents 
49%oftheCity’s2020demand.Scenario4wasselectedbecausethepurifiedwaterdelivery 
volume was deemed conservative and achievable while still providing a substantial volume for 
use, the injection wells are all located within City limits, costs for conveyance are lower 
compared with Scenario 2, it is technically feasible with no projected adverse impacts and more 
likely to be implemented compared with Scenario 2. 

4.4.15.1 Simulated Response Retention Times 

The GWRregulation require thatrecycledwatermustbe retained underground fora period of 
time necessary to allow a Project Sponsor sufficient response time to identify treatment failures 
and implementactions, including the plan to provide an alternative watersupplyorwellhead 
treatment. Forthisprojectfeasibilityevaluation, an RRTof6monthswasselected.Theactual 
RRT can only be determined through additional modeling once accurate injection well locations 
and flow rates are determined. Nonetheless, a 6-month RRT is reasonable and conservative 
given the RRTs typical of other activeor proposed IPR projects in California. To accountfor 
model uncertainties, DDW GWR regulations require a correction of2Xfora modeled travel 
time. Therefore, to account for the correction, the 1 -year travel time would represent a 6- 
month RRT. 
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Table 4-4 Scenario Feasibility Summary 


Scenarios 

Evaluation Criteria: yes - criteria met, no - criteria not met 


Scenario No. 

Description 

City Pumping 

Volume 

(AFY) a 

Indirect Potable 

Reuse (IPR) C Injection 
Volume (AFY) 

Criteria 1 - Saline 
Intrusion: 12-year 
running average 
groundwater levels is 
not more than 10 

feet below sea level 

Criteria2-Saline Intrusion: 

Groundwater levels at 

locations between 
pumping well and the Bay 
are above sea level 
throughout period when 
water levels in pumping 
well are below sea level 

Criteria 3 - 

Subsidence: 
Sustained (12-year) 
groundwater 
elevations are 
greater than -40 feet 
mean sea level 

Criteria 4 - Streamflow 
Depletion: Streamflow 
depletion is <1 cubic foot per 
second and does not reduce 
steelhead passage opportunity 
by more than 10 percent in any 
3-year period. 

Criteria 5 - Impacts to 
Nearby Wells: 
Groundwater levels are not 

lowered to more than 70 
feet belowground surface 
for more than 3 
consecutive years. 

Comments 

0 

Baseline scenario. Goal is to model effects to the aquifer 
over the 30 year period from 2015-2044 at District-projected 
levels of pumping and recharge. 

0 

0 

Yes 

Yes 

Yes 

Yes 

Yes 


1 

Preliminary yield estimate. Goal is to determinethe operable 
City pumping over 30 years without IPR. This scenario is 
meant to refine the preliminary operable yield estimate of 
2,900 AFY determined in the groundwater assessment. 

3,000 

0 

Yes 

Yes 

Yes 

Yes 

Yes 

Feasible 

2 

Determine maximum operable yield with injection. Goal is 
to model groundwater augmentation with maximum 
potentially available purified water based on Palo Alto's 
existing recycled waterallocation. This scenario will use60% 
of the City's total projected 2020 water demand for the initial 
model run. 

7,200 

5,600 

No 

Yes 

Yes 

Yes 

Yes 

Generally feasible, 
recommend monitoring 
to confirm modeled 
groundwater levels 

3 

Realistic near-term scenario. Goal is to model using El 
Camino Park Well only to supply 20% of the City's projected 
2020 water demand, and determine if IPR is needed to 
supportthis scenario. El Camino Park Well istechnicallythe 
mostfeasible location for long-term groundwater production 
due to available storage, blending facilities, and space for 
treatment. 

2,400 

0 

No 

Yes 

Yes 

Yes 

Yes 

Generally feasible, 
recommend monitoring 
to confirm modeled 
groundwater levels 

4 

Reduced IPR. Goal is to model injection at a reduced level 
and at fewer locations to determine the operable City 
pumping level with 2,800 AFY injection. This scenario will use 
40% of the City's projected 2020 water demand for the initial 
model run. 

5,900 

2,800 

Yes 

Yes 

Yes 

Yes 

Yes 

Feasible, carry this 
selected scenario 

forward for travel time 
modeling 

5 

100% Demand. Goal is to model complete City dependence 
on groundwaterand to determinethe IPR volume needed to 
supportthis scenario. Pumping is set at 100% of the City's 
projected 2020 demand. 

12,000 

8,400 

No 

No 

No 

No 

Yes 

Infeasible, would need 
more than 8,400 AFY of 
Injection 


AFY Acre-feet per year 

a Pumping volumes are in additionto the study area outputs determined in the Groundwater Assessment, such as groundwater supply pumping and construction dewatering 
b Total projected 2020 water demand for Palo Alto is 12,000 acre feet based on the City's Urban Water Master Plan 
c IPR =- Indirect potable reuse; groundwater augmentation with purified water (highly treated wastewater) via injection wells 

* Matadero and Fernando wells are not considered in Scenarios 2 through 5 due to their proximity to known groundwater contamination, distance from injection wells, and ability of remaining wells to provide needed capacity 
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The direction and rate of movement of injected purified recycled water in the groundwater 
system was simulated using the MODPATH add-on to the MODFLOW2005 software. MODPATH 
uses a particle-tracking approach, calculating the movement of hypothetical particles of water 
based on the flow vector at the particle location at each time step of the flow simulation. It 
converts the Darcy velocity (flowoverthefullaquifercross-sectionalarea)topore velocity by 
dividing by effective porosity, which was 0.2 (dimensionless) in the simulations. For the 
MODPATH simulations, lines of points were specified astight circles of particles around the 
injection wells. Forthe injection wells, the particles started atthemidpointelevation of Iayer5. 

Particle movement was tracked for a period of 10 years starting in year 4 of the 30-year 
simulation period (that is, corresponding to 1989-1998 hydrologic conditions). The results did 
not exhibit noticeable variations in particle movementfrom yearto year, so results were not 
greatly affected by selection of the tracking period. 

Figure 4-13 shows a map of horizontal particle movement in the Palo Alto area under Scenario 
4. The points along each pathlineareattraveltimesof 1,2,6and 12 months, plusannual 
pointsforyears2-10.Forreference,thereddotsarethesimulatedlocationsafter1year. 

Because of regional flowtoward the Bay, the initial circles of points translate laterally 
downgradientand remain distinctforthefirst 1 to2 years. Afterthat, dispersion blurs the 
circles. 

Groundwaterflowis notuniformly distributed overthedepthofthegroundwatersystem. Most 
oftheflowtypically is concentrated in thin sand layers. The model simulatesflowthrough the 
entire layer thickness. However, for particle tracking purposes, it assumes that flow is through 
only 20 percentofthe cross-sectional area (effective porosity = 0.2). The effective porosity 
value could underestimate the concentration of flow into a small cross-sectional area. 

At most of the IPR injection well locations, the travel time to the nearest downgradient 
municipal well was 8 or more years. For one IPR well close to the El Camino Park well (B4), the 
simulated travel time was 5 years. 

The analysis indicates thatbased on the preliminary general injection well locations, there is 
sufficientunderground retention timetomeettheplanningRRT of6 months (1-yearmodeled 
time) between injection and recovery attheCity’s wells and two potable supply wells located in 
San Mateo County. There is also sufficient retention time to the Stanford irrigation wells, which 
could potentially be used at potable supply wells in an emergency. 

As shown in Figure 4-1, there are other pumping wells identified in the District’s pumping 
database in the vicinity of some of the injection wells. These wells have identified uses for 
domestic, irrigation, and industrial supply. The RRT only applies to wells used for drinking water 
supply. Someofthe wells have identified domesticusesontheirdriller’s logs. Onceaccurate 
injection well locations are identified, it is recommended thatthe District verify groundwater 
use categories for nearby drinking water wells. Well owners should be contacted to confirm the 
uses forthe pumped groundwater. If domesticpotable supply wells are found to be located 
within the RRT, the injection wells could be re-located or negotiations undertaken to destroy 
the well. 
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4.5 Scenario 4 Facilities 

ThegoaloftheScenario4 pipeline istoprovidesole purified recycled waterservicetothefive 
injection well sites in Palo Alto discussed in Section 4.1.2. This alignment is only used for IPR 
purposes. 

The Scenario 4 alignment, along with approximate locations of potential injection wells to be 
served, are shown in Figure 4-14. The volume of treated water that can be used for injection 
purposes is2,800AFY, while the volume ofwaterthat can be extracted by Palo Alto without 
undesirable impacts (or the “Project Yield”) is 5,900 AFY. 

4.5.1 Treatment Plant 

Recycled waterfrom the RWQCP will be treated to full advanced treatment (FAT) levels. The 
FAT train includes membranefiltration, reverseosmosis, and advanced oxidation using 
ultraviolet light and an oxidant such as hydrogen peroxide or chlorine. The required treatment 
influent volume to meet Scenario 4’s demand, along with the corresponding rejection rate and 
effluent volume, are summarized in Table 4-5. The treatment facilities for Scenario 4 are sited 
near the RWQCP at the adjacent property known as the “Measure E” site. The Measure E site 
requires voter support to modify the use of this land for an alternate use. Additional 
information on the Measure E property can be found in the City’s 2017 Measure E White Paper. 


Table 4-5 Treatment Plant Sizing 


Total Wastewater Influent 
Needed 

MF/RO Combined Rejection Rate 

Total Effluent Volume 

3.33 mgd 

75.1% 

2.50 mgd 


mgd - million gallons per day MF - microfiltration RO - reverse osmosis 

Palo Alto’s assumed shareofflowto the RWQCP is7.3 mgd(36%of20.3 mgd), which is 
approximately 8,100 AFY. The Scenario 4 wastewater effluent needed is 3.3 mgd, well below 
Palo Alto’s flowshare. 

To meet the pressure criteria, Scenario 4 includes one pump station that serves all segments 
and is assumed to be located at the RWQCP. The pump station’s performance requirements 
under peak flow conditions are summarized in Table 4-6. 

4.5.2 Pipelines 

The Scenario4 distribution system would consist of approximately 5.6 miles of pipeline. A 
summary ofpipe sizes and lengths is provided inTable4-7. Adedicated IPRtransmissionmain 
would need to be constructed from the RWQCP to the injection well field. 
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Table 4-6 Pump Station Sizing 


Description 

Performance Requirements 

Required Flow 

1,736 gpm 

Discharge Head 

270 feet 

Pump Configuration (duty + standby) 

2 + 1 

Pump Motor Rating (each) 

100 hp 

Total Installed Motor Horsepower 

300 hp 


gpm-gallonsperminute hp - horsepower 


Table 4-7 Pipeline Specifications 


Modeled Pipe Inner Diameter (in) 

Approximate Length of Pipe (linear feet) 

6 

2,000 

8 

1,500 

10 

5,000 

12 

21,000 

Total Length (linear feet) 

Total Length (miles) 

29,500 

5.6 


in - inches 


4.5.3 Injection Wells 

While the City wells are screened in both the shallow and deep aquifers with some extending to 
the base of the alluvial aquifer. It is proposed thatthe injection wells should not be screened in 
theshallowaquifersincetheshallowaquiferexhibitsshallowgroundwaterlevelsthatrequire 
dewatering facilities in some areas and also to prevent the injection wells from acting as 
conduits for movement of water between the two aquifer zones. It is also proposed thatthe 
injection wells do not extend to the full depth of the alluvial aquifer to both reduce well costs 
and to minimize mobilization of poorquality groundwaterassociated with marine deposits in 
the lower aquiferand underlying bedrock. Accordingly, it is proposed thatthe injection wells 
inject into model layers 3,4, and 5, which extends from roughly280 to 790 feet belowground 
surface in the vicinity of the injection wells. Note thatthe actual injection well completions will 
be based on conditions observed during drilling, if the IPR project is implemented. 

4.5.4 Extraction Facilities 

Extraction is assumed to beatsixoftheCity’s existing wellsasshowninTable4-3. In addition 
totheuseofexisting wells, newwellheadtreatmentforextractedgroundwaterwas included in 
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the Scenario4facilities. The newwellhead treatmentfor extracted groundwaterwould allow 
the City to produce a high-quality potable product water that addresses the community’s 
expectations of water aesthetics (i.e. taste and odor). The wellhead treatment capital and O&M 
costs are developed based on calculations completed forthe 2017 Water Integrated Resources 
Plan published by the City’s Utilities Department. These wellhead treatment capital costs do not 
accountfor land acquisition costs. Therefore, separate land costs were developed forthe 
Rinconada and Peers wells, which will require additional land to be purchased to locate 
wellhead treatmentfacilities. These land costs are also sourced from the City’s 2017 Water 
Integrated Resources Plan. 

4.5.5 Capital Cost Estimate 

The capital costestimateforScenario4 is$90,300,000 (June 2018 dollars, Engineering News 
Record Construction Cost Indexfor San Francisco Index of 12,015). The capital cost includes: 

• Advanced water purification facilities, including land costs for the Measure E property 

• Transmission pipeline and pump station from advanced water purification facilities to 
injection wells sites 

• Injection wells (5); land costs are not included as the wells are all sited at City-owned 
property and assumed to be installed in a mannerthatmaintainstheexistinguseofthat 
property (e.g. in a vault in a parking lot, at the edge of a park, etc.). 

• Wellhead treatment at the City’s existing extraction wells, including land costs 

Cost estimates reflect a Class 5 estimate as defined by the Association for the Advancement of 
Cost Engineering International (AACE) Recommended Practice No. 56R-08. Detailed information 
on the capital cost estimate development will be available in the Northwest Recycled Water 
Strategic Plan Report (in development; expected 2019). 

4.5.6 Operations and Maintenance Cost Estimate 

Operationsand maintenance (O&M) costs for Scenario 4 include the production, transmission, 
injection, and extraction costs. In addition to wellhead treatment, O&M costs for extraction 
wells also included the District’s groundwater pumping charge. This cost was developed based 
on projected District rates for groundwater pumping in the Study Area. 

The O&M costs for Scenario 4, including the groundwater pumping charge, is $14,800,000 per 
year. Detailed information on the O&M costestimate development will be available in the 
Northwest Recycled Water Strategic Plan Report (in development; expected 2019). 

4.6 IPR Implementation Strategy 

4.6.1 CEQA 

The City will need to complete environmental reviews in compliance with the California 
Environmental Quality Act (CEQA) priorto constructing Scenario4. This will include doing a 
preliminary review of potential impacts and determining the appropriate level of environmental 
documentation to prepare (e.g. Environmental Impact Report, Initial Study/Mitigated Negative 
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Declaration). As the project owner, it is anticipated thatthe City would be the lead agencyfor 
CEQA compliance. 

If the City pursues Federal funding (e.g., from the US Bureau of Reclamation Title XVI program) 
orblended State/Federalfinancing (e.g.,fromtheClean WaterState Revolving Fund loan 
program), additional environmental review would be needed to meetthe requirements of 
these programs (e.g., CEQA Plus orthe National Environmental Policy Act (NEPA)). 

4.6.2 Governance 

The District is the groundwater manager for the Santa Clara Subbasin. Whether the City or 
District is the project owner, an interagency agreement will be needed between the City and 
the District to facilitate an I PR project. 

4.6.3 Permitting 

A variety ofpermits would berequiredtoconstructandoperateanIPRproject. Manyofthese 
are typicalforany construction project while some are specificto the IPR project concept. 

Depending on the final pipeline alignment and design, permits for construction may include: 

• 404 Permitforanyfillofwetlandsorwatersofthe United States-issued by US Army 
Corps of Engineers 

• 401 Water Quality Certification (required for 404 permit) -issued by Regional Water 
Quality Control Board 

• Notice of Intent for Coverage under Statewide Construction Stormwater Permit, 
including dewatering - issued by State Water Resources Control Board 

• Streambed Alteration Agreement for pipeline crossings of creek-issued by California 
Department of Fish and Wildlife 

• Encroachment permits for construction in roadways - issued by City of Palo Alto and 
possibly Santa Clara County 

• Encroachment permitfor construction under Highway 101 - issued by Caltrans 
Permits required for operation of the IPR project after construction include: 

• Water Reclamation Permitforgroundwaterrecharge-issued by Regional WaterQuality 
Control Board to allow the injection of purified recycled water into the groundwater 
basin 

• Modification or new NPDES permit - issued by Regional Water Quality Control Board to 
account for the changes in the RWQCP discharge with the addition of the FAT process 
train 
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4.6.4 Regulatory Considerations 

4.6.4.1 Division of Drinking Water Recharge with Recycled Water 
Requirements 

Final regulationsfor use of recycled waterforgroundwaterreplenishmentviasurfaceand 
subsurface application arecontainedinTitle22, CaliforniaCodeofRegulations(CCR), Division 
4, Environmental Health, Chapter 3, and Water Recycling Criteria: 

• Article 5.1 Indirect Potable Reuse: Groundwater Replenishment-Surface Application. 

• Article 5.2. Indirect Potable Reuse: Groundwater Replenishment-Subsurface 
Application. 

• Amendments to Article 1 Definitions 

• Amendments to Article 7 - Engineering Report and Operational Requirements. 

The terms “Title 22” or “Title 22 Criteria,” as used in this report, refer to the Water Recycling 
Criteria for groundwater replenishment. The Title 22 Criteria establish the requirements 
applicable forobtaining approval and permitting of planned Groundwater Replenishment Reuse 
Projects (GRRPs). Asummary of the Title 22 Criteria for subsurface application is presented in 
Table 4-8; criteria for surface application are not included as surface application was not 
considered for the City (see Section 4.1). 


Table 4-8 June 2014 Final Groundwater Replenishment Regulations 



Subsurface Application 

Source Control 

Must administer a comprehensive source control program to prevent undesirable chemicals 
from entering raw wastewater. The source control program must include: (1) an assessment 
of the fate of DDW and RWQCB-specified contaminants through the wastewater and 
recycled water treatment systems; (2) provisions for contaminant source investigations and 
contaminant monitoring thatfocuson DDWand RWQCB-specified contaminants; (3)an 
outreach program to industrial, commercial, and residential communities; and (4) an up-to- 
date inventory of contaminants. 

Note: If the agency that administers the source control program is different than the agency 
producing ordistributing the recycled water, DDWwill require an agreement betweenthe 
agencies to ensure the source control requirements are met. 

Boundaries 
Restricting 
Construction of 
Drinking Water 
Wells 

Project proponents must establish (1) a “zone of controlled potable well construction,” 
which represents the greatest of the horizontal and vertical distances reflecting the 
retention times required for pathogen control orfor response retention time; and (2) a 
“secondary boundary” representing a zone of potential controlled potable well construction 
that may be beyond the zone of controlled potable well construction thereby requiring 
additional study. 

Emergency 
Response Plan 

A project sponsor must develop and be willing to implement a DDW-approved plan for an 
alternative sourceofpotablewatersupplyortreatmentatadrinkingwaterwellifaGWR 
project causes the well to no longer be safe for drinking purposes. 

Adequate 
Managerial and 

A project sponsor must demonstrate that it possesses adequate managerial and technical 
capability to comply with the regulations. 
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Subsurface Application 

Technical 

Capability 

Note: DD Whas indicated that project sponsors can use the drinking water Technical 
Managerial and Financial Assessmentto demonstrate compliance with thisrequirement. 

Pathogen 

Control 

- The treatment system must achieve a 12-log enteric virus reduction, a 10-log Giardia cyst 
reduction, and a 10-log Cryptosporidium oocyst reduction using at least 3 treatment 
barriers. 

- For each pathogen, a separate treatment process can only be credited up to a 6-log 
reduction and at least 3 processes must each achieve no less than 1.0-log reduction. 

- Retention ti me 1 creditforvirusof 1-log/month; must be validated byanaddedorintrinsic 
tracer approved byDDW. 

Nitrogen (N) 
Control 

Total N must be less than 10 mg/L as N in recycled water or recharge water before or after 
application. 

Note: The nitrogen requirements will be more stringent based on the RWQCB Basin Plan 
groundwater objectives. 

Regulated 

Chemicals 

Control 

Recycled Water: Must meet all primary MCLs, with the exception of nitrogen compounds; 
for disinfection byproducts, for surface application projects, compliance can be determined 
in the recycled water or the recharge water before or after surface application and for 
subsurface application projects in the recycled wateror recharge water; for secondary 
MCLs, compliance can be determined in recycled wateror recharge water. 

Diluent Water: Must meet primary and secondary MCLs based on upper limit if not 
historically used for recharge (except for secondary MCLs for color, turbidity, and odor). 

Note: For surface spreading projects, compliance with other secondary MCLsfor some types 
of diluent water could be an issue in establishing credit; it may be possible to receive 
approval forcompliance aftersurface application under the Alternatives Section, which 
would address this issue. 

Notification 

Level (NLs) 

Recycled Water: The regulations include actions to be taken if an NL is exceeded in the 
recycled wateror recharge waterafterapplication (excluding theeffectsofdilution), 
including additional monitoring. 

Diluent Water: Must ensure that diluent water does not exceed an NL and have a plan in 
place on actions to be taken if exceed an NL for credit priorto the operation of a project, 
diluent water must meet NLs. 

Note: With regard to implementation, DDW has noted that the evaluation of NLs can occur 
in recharge water (after soil aquifer treatment); and the regulatory language is purposefully 
flexible in determining credits as part of a monitoring plan proposed by the project sponsor. 

A chronic exceedance of an NL would be an issue for establishing diluent water credit, while 
an occasional exceedance would not be an issue. 

Total Organic 
Carbon (TOC) 

Recycled water TOC = 0.5 mg/L. 

Note: All recycled water must undergo advanced treatment- see advanced treatment 
criteria. 

Initial Recycled 
Water 
Contribution 
(RWC) 

- To be determined by DDW (does not preclude starting at 100 percent). 

- The RWC averaging period is 120 months. 

Note: A subsurface application project has the possibility of starting at a 100 percent RWC if 
approved by DDW. 
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Subsurface Application 


Increased RWC 

Increases allowed if: 

- The TOC 20-week average for prior 52 weeks = 0.5 mg/L. 

- The increase is approved by DDW and authorized in the project permit. 

Advanced 

Treatment 

Criteria 

Reverse Osmosis (RO): 

- Each membrane element must achieve a minimum sodium chloride (NaCI) rejection > 99.0 
percent and an average (nominal) NaCI rejection > 99.2 percent using ASTM Method D4194- 
OS (2008), using the following substitute test conditions: (1) tests are operated at a recovery 
^ 15 percent; (2) NaCI rejection is based on 3 or more successive measurements; (3) influent 
pH between 6.5 and 8.0; and (4) influent NaCI concentration < 2,000 mg/L. 

- During the 20 weeks of full-scale operation, the membrane produces a permeate having 
no more than 5 percent of thesample results having TOC > 0.25 mg/L based on weekly 
monitoring. 

Advanced Oxidation Potential (AOP): there are two options: 

- Option 1 - Conduct an occurrence study that identifies 9 indicators representing 9 
functional groups, with 0.5-log removalsfor 7of the indicators and 0.3-log removalsfor2 of 
the indicators; establish at least one surrogateor operational parameterthat reflects the 
removal of at least 5 of the 9 indicators (one of the surrogates must be monitored 
continuously); confirm the results using a study via challenge or spiking tests. 

- Option 2 - Conduct testing that includes challenge or spiking tests to demonstrate that the 
AOP process removes 0.5-log of 1,4-dioxane; establish surrogate or operational parameters 
that reflect whether the 0.5-log reduction of 1,4-dioxane is attained, and one of the 
surrogates can be monitored continuously. 

Application of 
Advanced 

T reatment 

Advance treatment must be applied to the full recycled water volume. 

SAT 

Performance 

None. 

Response 
Retention Time 
(RRT) 

- RRT is the time recycled water must be retained underground to identify treatment failure 
and implement actions so that inadequately treated recycled water does not enter a 
potable water system, including the plan to provide an alternative water supply or 
treatment. 

-The minimum RRT is 2 months, but must be justified by the project sponsor. 

- The RRT must be validated using an added tracerora DDW approved intrinsic tracer. 

Project Planning 

Method used to estimate the retention time to the nearest 
downgradient drinking water well 

Virus Log Reduction Credit 
per Month 


Tracer study using added tracer 1 

1.0 log 


Tracer study utilizing an intrinsic tracer 1 

0.67 logs 


Numerical modeling consisting of calibrated finite element or 
finite difference models using validated and verified 
computer codes used for simulating groundwater flow 

0.50 logs 


Analytical modeling using existing academically-accepted 
equations such as Darcy’s Law to estimate groundwaterflow 
conditions based on simplifying aquifer assumptions 

0.25 logs 


Method used to estimate RRT 

Response Time Credit 
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Subsurface Application 




per Month 


Tracer study using added tracer 1 

1 month 


Tracer study utilizing an intrinsic tracer 1 

0.67 months 


Numerical modeling consisting of calibrated finite element or 
finite difference models using validated and verified 
computer codes used for simulating groundwater flow. 

0.5 months 


Analytical modeling using existing academically-accepted 
equations such as Darcy’s Law to estimate groundwaterflow 
conditions based on simplifying aquifer assumptions. 

0.25 months 


Alternatives 

Allowed for all provisions in the regulations if: 

- The project sponsor has demonstrated that the alternative provides the same level of 
public health protection. 

- The alternative has been approved by DDW. 

- If required by DDW or RWQCB, the project sponsor will conduct a public hearing. 

- An expert panel must reviewthe alternative unless otherwise specified bv DDW. 


Engineering 

Report 

The project sponsor must submit an Engineering Reportto DDW and RWQCB that indicates 
how a GWR project will comply with all regulations and includes a contingency plan to 
ensure that no untreated or inadequately treated water will be used. The report must be 
approved by DDW. 


1. The retention ti me represents the difference from when the water with the tracer is to when either 2 percent 
of the initially introduced tracer concentration has reached thedowngradient monitoring point, or 10 percent 
of the peak tracer unit value is observed at thedowngradient monitoring point. With DDW approval, an intrinsic 
tracer may be used in lieu of an added tracer with no more credit provided than 0.67-log per month. 


4.6.4.2 Regional Water Quality Control Board Requirements 

Waste Discharge Requirements/Water Recycling Requirements (WDRs/WRRs) issued by the 
RWQCBare required toimplementapplicablestatewaterquality control policiesand plans, 
including water quality objectives and implementation policies established in the Water Quality 
Control Planforthe San Francisco Bay Region (Basin Plan).The Basin Plan designates beneficial 
uses and groundwater quality objectives. 

The Basin Plan states that the Santa Clara Groundwater Subbasin is designated for several 
beneficial uses including municipal and domesticwater supply, industrial process and service 
watersupply, and agricultural watersupply. Permitlimitsforgroundwaterreplenishment 
projects are set to ensure that groundwater does not contain concentrations of chemicals in 
amounts that adversely affect beneficial uses or degrade water quality. These water quality 
objectives will need to be met in addition to the requirements of the Title 22 subsurface 
application regulations. 
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4.6.4.3 State Water Resources Control Board Requirements 

The California Water Code allows the SWRCB to adopt state policies for water quality control. 
There are two policies particularly relevant to groundwater replenishment projects: the Anti- 
Degradation Policy and the Recycled Water Policy. 

4.6.4.3.1 Anti-Degradation Policy 

The state’s anti-degradation Policy is captured in Resolution No. 68-16, which is titled 
“Statement of Policy with Respect to Maintaining High Water Quality in California.” It is also 
specifically cited in the Basin Plan. The first two sections of the Policy state that: 

• Whenevertheexisting quality ofwaterisbetterthan the quality established in policies 
as of the date on which such policies become effective, such existing high quality water 
will be maintained until it has been demonstrated to the state that any change will be 
consistent with maximum benefit to the people of the state, will not unreasonably 
affect presentand anticipated beneficial use of such water, and will not resultin water 
quality less than that prescribed in the policies. 

• Any activity which produces or may produce a waste or increased volume or 
concentration of waste and which discharges or proposes to discharge to existing high 
quality waters will be required to meetwaste discharge requirements which will result 
in the best practicable treatment or control of the discharge necessary to ensure that (a) 
pollution or nuisance will not occur and (b) the highest water quality consistent with 
maximum benefit to the people of the State will be maintained. 

4.6.4.3.2 Recycled Wa ter Policy 

The Recycled Water Policy was adopted by the SWRCB in February 2009. It was subsequently 
amended in 2013 with regard to monitoring constituents of emerging concern (CECs)for 
groundwater replenishment projects and is in the process of being updated again in 2018. The 
Recycled Water Policy was a critical step in creating uniformity in how RWQCBs were 
individually interpreting and implementing Resolution 68-16 for water recycling projects, 
including groundwater replenishment projects. The critical provisions in the Policy related to 
groundwater replenishment projectsare: 

• Salt and Nutrient Management Plans 

• Groundwater Replenishment Provisions 

• Anti-degradation and AssimilativeCapacity 

• Constituents of Emerging Concern 

Compliance with these provisions would be documented in the Title 22 Engineering Report 
prepared for the Division of Drinking Water and RWQCB as described in Section 4.6.3.1. 

4.6.4.4 Federal Requirements for Underground Injection Control 

At this time there are no Federal permitting requirements for surface application groundwater 
replenishment projects; the U.S. EPA’s underground injection control (UIC) program does apply 
to injection wells, buthas no permitting consequencesforthe Project. The UIC program has 
categorized injection wells into five classes, only one of which (Class V) applies to groundwater 
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replenishmentprojects. Undertheexisting Federal regulations, Class Vinjection wells are 
“authorized by rule” which means they do not require a Federal permit if they do notendanger 
underground sources of drinking water and comply with other UIC program requirements. For 
California, U.S.EPARegion 9 isthe permitting administratorforClassV wells. Any injection 
project planned in California must meetthe State Sources of Drinking Water Policy, which 
ensures protection of groundwater quality for drinking water supplies, and therefore a Federal 
permitwould not be necessary. All Class V injection well owners in California are required to 
submit information to U.S. EPA Region 9 on the well for U.S. EPA’s inventory. 
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5 INDIRECT POTABLE REUSE FEASIBILITY EVALUATION AND 
IMPLEMENTATION STRATEGY FINDINGS 

FouroftheCitypumping/IPRscenarioswerefoundtobefeasibleorgenerally feasible with 
additional monitoring. The modeling indicated that 3,000 AFY of groundwater could be pumped 
by the City from multiple wells with no IPR withoutnegative impacts. Up to2,400AFYcould be 
pumped solelyfrom the El Camino Park Well with no IPRwithoutnegative impacts; although 
additional saline intrusion monitoring well(s) are recommended. A total of 7,200 AFY of 
groundwater could be safely pumped by the City if 5,800 AFY of purified recycled water 
injection is implemented. A total of5,900 AFY of City pumping would not result in negative 
impacts if a reduced level of injection (2,800 AFY) was implemented. Pumping 100% of the City 
2020 water demand from groundwater would require more than 8,400 AFY of purified recycled 
water injection or other managed recharge in order to prevent negative impacts. 

TheselectedScenario4,assuming2,800AFYof IPRand 5,900AFYofCity pumping was 
modeled to assess subsurface travel times of purified recycled water between injection wells 
and potable supply wells. The modeling found that subsurface residence times were sufficient 
to meet a 6-month RRT. 

Estimated capitalcostsforScenario4projectfacilities would be$90.3million (2018dollars) 
with an annual O&M costof$14.8 million. Implementation strategy wouldfollowestablished 
stepstoprepareenvironmentaldocumentationandpermitapprovalsfor construction, and 
would follow Title 22 regulations for subsurface application to obtain permission to operate an 
IPRproject. ResultsforScenario4 will subsequently be incorporated into thefinal Northwest 
County Recycled Water Strategic Plan for comparison to other potential water reuse expansion 
opportunities. 

6 DATA GAPS AND RECOMMENDATIONS 

6.1 Recommended Actions Prior to Future Implementation of IPR 

Five IPR/pumping scenarios weredeveloped.Twoscenarios(1 and3) included pumping but no 
IPR, while three scenarios included both pumping and IPR. Fourofthefivescenarios were 
considered feasible or generally feasible with additional monitoring. Model scenario 4 (5,900 
AFY of City pumping and 2,800 AFY of purified recycled water injection) was carried forward for 
further evaluation in the Northwest County Recycled Water Strategic Plan as described above. 

• If the City moves forward with IPR, additional site-specific studies should beconducted 
to refine recharge scenarios to better assess recharge rates, number of injection wells, 
refined parcel injection well sites; identify required monitoring well locations; determine 
potential for dissolution of naturally-occurring constituents; and determine overall 
project costs. 

• Once accurate injection well locations are identified, it is recommended that the District 
review other databases to more accurately define groundwater use category and status 
of nearby existing wells. Well owners should be contacted to confirm the usesforthe 
pumped groundwater. Ifdomesticpotablesupplywellsarefound to be located within 
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the RRT, the injection wells could be re-located or negotiations undertaken to destroy 
the domestic well. 

• Once accurate injection well locations are identified and RRT confirmed or modified, 
groundwater modeling should be conducted to verify adequate subsurface residence 
time to meet regulatory requirements. 

• The City/District should begin a process of information exchange with the DDW and 
SFRWQCB regarding IPR plans. 

• DWSAP reports should be conducted for each planned pumping well to assess potential 
local environmental contamination sources. 

• It is recommended that if Scenario 3 - pumping the El Camino Park Well at 2,400 AFY 
with no IPR-is implemented, thata sentry well be installed between the well and the 
Bay oran existing well(s) be identified to monitorfor potential saline waterintrusion. 

• If IPR is implemented, the City should resample for a complete suite of water quality 
constituents in all City well pumped prior to IPR implementation. 

• A re-review of environmental site contamination should be redone prior to IPR 
implementation. 

• Domesticproductions wells potentially usedfordrinkingwaterwere identified in the 
IPR injection well area. Prior to implementing an IPR project, the District should verify 
the use ofthese wells. Ifwell use cannot be verified, the City/Districtshould contact 
well ownersto verify well use. Ifdomesticwellsare being used fordrinking waterand 
are within the zone of controlled drinking water wells, negotiations should be 
conducted with the well owners to destroy the wellsoreliminate drinking water use. 
Alternatively, IPR facilities could be relocated. 

• All other recommendations presented in the following section could be implemented 
after IPR startup. 

6.2 Recommended Actions for Improved Hydrogeologic Characterization 
6.2.1 Groundwater Levels and Flow 

The analysis of groundwater levels and flow would benefit from recent water level data in San 
Mateo County and additional water level data throughout the Study Area. 

Limited water level data within San Mateo County were available from the San Mateo 
Groundwater Basin Assessment (EKI et al., 2017) through March 2016. For this study, 
groundwater elevation contour maps were prepared for fall 2016 and spring 2017, and 
therefore, did not include water levels in San Mateo County. The District does not have 
jurisdiction in San Mateo County; nonetheless, local agencies recognize the need for 
collaboration. The San Mateo Plain Groundwater Basin Assessment (EKI et al., 2017) cited the 
need for San Mateo County to collectadditional water level data throughoutthe San Mateo 
Plain Basin byforming partnerships with otherentities within theirsubbasin. IfthePMOD 
model is refined in thefuture, it is recommended thatthe District collaborate with San Mateo 
County to obtain any future water level data that they are able to collect in the vicinity of the 
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Study Area. A water level monitoring program in San Mateo County would also provide data for 
future model calibration. 

Additional water level data are necessary throughout the Study Area if the City moves forward 
with IPRand increased pumping. This monitoring could begin afterstartup of an I PR project. 
The available waterlevel data is primarilyfrom shallowwells (screened less than or equal to 
200 ft-bgs) within San Mateo County and deep wells (screened greater than 200 ft-bgs) within 
Santa Clara County. Therefore, data from deep monitoring wells are necessary in San Mateo 
County, especially in the northwestern region of the Study Area in Redwood City. The District 
would benefit from additional water level data from shallowwells in Santa Clara County, 
especially near the Bay in Mountain View. This could be achieved by either monitoring existing 
shallow monitoring wells or installing new shallow monitoring wells. 

The District’s Eleanor multi-completion monitoring well (ELNR), located near the City’s Eleanor 
Pardee production well, provides nearcontinuouswaterleveldatafromfourdepth intervals. 
These water level data yield valuable information about water level trends and vertical 
gradients. Itis recommended thattheDistrictorCityconsiderinstalling additional multiple- 
depth completion monitoring wells if the City moves forward with increased pumping. 

It is recommended that if Scenario 3 - pumping the El Camino Park Well at 2,400 AFY with no 
IPR-is implemented, that a sentry well be installed between the well and the Bay or an 
existing well(s) be identified to monitor for potential saline water intrusion. 

6.2.2 Aquifer Parameters 

The City has had pumping tests conducted, primarily to assess yields of its emergency supply 
wells. Only oneofthe tests included an observation well (Bonkowski, 2010a); however, the 
data included fortheobservation well (ELNR multi-completion well) with the report was not 
concurrent with the pumping/recovery test and no analysis was performed for the observation 
well. Pumping tests with observation wells are useful in defining theconeof depression ofthe 
pumping well, potential well interference with otherwells,storativityvaluesand,inthecaseof 
a multi-completion monitoring well such as ELNR, information on the connectivity ofthe 
shallowanddeepaquifers.TheCitymaywanttoconsider conducting a pumping test while 
monitoring multiple observation wells to betterdefine these characteristics. Pumping of City 
wells near the District’s Eleanor Park multi-completion wells provides an opportunity to observe 
the response of shallow and deep aquifers to City well pumping. 

6.2.3 Ambient Groundwater Quality 

The City’s Hale and Rinconada wells show increasing trends in TDS and chloride. The City may 
wantto conductageochemical investigation (chloride ratios) similarto those conducted by 
Metzger(2002)toattempttodeterminethesourceoftheincreases.TheCitymayalsowantto 
consider increased monitoring for TDS and chloride in the City emergency supply wells nearest 
to the Bay (Eleanor Pardee, Hale, Main Library, and Rinconada). 

Based on water quality data in the District database, which includes data from the DDW 
database, itappearsthatsomedataforCitywellsmaynothavebeen reported to DDWornot 
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made available by DD W. The City should confirm that DDW has all relevant data to allow 
potable supply production from the City wells. 

If IPR is implemented, the City should resample for a complete suite of water quality 
constituents in all City well pumped prior to IPR implementation. 

6.2.4 Environmental Release Site Contamination 

Several significant environmental release site contamination plumes exist in Palo Alto, some in 
close proximity to City emergency supply wells. The following actions are recommended prior 
to increased pumping: 

• Comprehensive DWSAP reports documenting all potentially contaminating activities 
neartheCitywellsandwellvulnerabilitytocontaminationshouldbepreparedforall 
City wells. 

• If the Fernando, Matadero and Peers Park wells are pumped for water supply, a 
program offrequenttesting (morefrequentthan required by DDW)forenvironmental 
contaminants should be developed and implemented. In addition, the City may want to 
review ongoing monitoring and remedial activities at groundwater contamination sites 
located near thesewells. 

• The City should engage with environmental site regulatorsto inform them ofthe 
potential for groundwater use by the City and support complete site remediation. 

• The Fernando well should be videoed to determine location of wells screens. 

• Due to their proximity to known contaminant plumes, the Fernando and Matadero wells 
should not be pumped at capacity orfor long periods of time. The City may want to 
consider replacing the Fernando and Matadero wells. If used for short-term emergency 
supply, increased water quality monitoring is recommended. 

• It is recommended that potential recharge project locations avoid known contaminant 
plume areas. No contamination plumes were identified otherthan those shown in 
Figure 3-59. Are-review of environmental site contamination should be redone prior to 
IPR implementation. 

6.2.5 Shallow Saline Water in the Baylands and Seawater Level Rise 

Due hyper-saline water in the Baylands area, the City may want to consider increased 
monitoring for TDS and ch loride in the City emergency supply wells nearest to the Bay after any 
IPR/pumping project isimplemented. 

Future operation of recharge and groundwater production facilities may need to account for 
higher groundwater levels and changing water quality conditions. Groundwater monitoring is 
recommended to track both water levels and inorganic water quality in City wells. 

6.2.6 Subsidence 

Because ofthe potential economic cost of additional land subsidence, land subsidence 
monitoring should be a part of any future plansfor increased pumping by the City. 
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• The existing District municipal survey benchmarks should continue to be monitored for 
changes in land surface elevations on a regular basis. 

• Identify an existing or install a newmonitoring well that could be added to the District 
subsidence index wells in the Palo Alto area. The well would need to be completed 
below the primary clays layers and located close to a well with a sufficiently long 
groundwater level history. An analysis would be required to define a subsidence 
threshold for the well comparable to the Geoscience (1991) Study. 

• The useoflnSAR to monitor land subsidence in the Study Area could be used in 
conjunction with an agency, such as the USGS(undertheir Local Agency Partnership 
program), that has experience with this method of monitoring. 

Amitigation plan would need to be developed todetermine whataction would be required to 
mitigate potential subsidence should any of the thresholds be exceeded. These monitoring 
activities would need to be coordinated with the District and other local agencies. 
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DESCRIPTION OF MAP UNITS 

Artificial fill (Historic) —Loose to very well consolidated gravel, sand, 

silt, clay, rock fragments, organic matter, and man-made debris in various 
combinations. Thickness is variable and may exceed 30 m in places. 

Some is compacted and quite firm, but fill made before 1965 is nearly 
everywhere not compacted and consists simply of dumped materials 
Artificial levee fill (Historic) —Man-made deposits of various materials 
and ages, forming artificial levees as much as 6.5 m high. Some are 
compacted and quite firm, but fills made before 1965 are almost everywhere 
not compacted and consist simply of dumped materials. The distribution 
of levee fill conforms to levees shown on the most recent U.S. Geological 
Survey 7.5-minute quadrangle maps 
Artificial stream channels (Historic) -Modified stream channels; in 
most places where streams have been straightened and realigned 
Stream channel deposits (Holocene) -Poorly to well-sorted sand, silt, 
silty sand, or sandy gravel with minor cobbles. Cobbles are more 
common in the mountainous valleys. Many stream channels are presently 
lined with concrete or rip rap. Engineering works such as diversion dams, 
drop structures, energy dissipaters and percolation ponds also modify the 
original channel. Many stream channels have been straightened, and 
these are labeled Qhasc. This straightening is especially prevalent in 
the lower reaches of streams entering the estuary. The mapped distribution of 
stream channel deposits is controlled by the depiction of major creeks on 
the most recent U.S. Geological Survey 7.5-minute quadrangles. Only 
those deposits related to major creeks are mapped. In some places these 
deposits are under shallow water for some or all of the year, as a result of 
reservoir release and annual variation in rainfall 
Beach sand (Holocene)-Unconsolidated, well-sorted sand. Local layers 
of pebbles and cobbles. Thin discontinuous lenses of silt relatively 
common in back-beach areas. Thickness variable, in part due to seasonal 
changes in wave energy; commonly less than 10 m thick. May interfinger 
with either well-sorted dune sand or, where adjacent to coastal cliff, 
poorly-sorted colluvial deposits. Iron- and magnesium-rich heavy 
minerals locally form placers as much as 0.7 m thick 
Bay mud (Holocene) -Water-saturated estuarine mud. predominantly gray, 

green and blue clay and silty clay underlying marshlands and tidal mud flats 
of San Francisco Bay, Pescadero, and Pacifica. The upper surface is 
covered with cordgrass ( Spartina sp.) and pickleweed ( Salicomia 
sp.). The mud also contains a few lenses of well-sorted, fine sand and silt, a few 
shelly layers (oysters), and peat. The mud interfingers with and grades 
into fine-grained deposits at the distal edge of Holocene fans, and was 
deposited during the post-Wisconsin rise in sea-level, about 12 ka to 
present (Imbrie and others, 1984). Mud varies in thickness from zero, at 
landward edge, to as much as 40 m near north County line 
Basin deposits (Holocene) —Very fine silty clay to clay deposits 

occupying flat-floored basins at the distal edge of alluvial fans adjacent to 
the bay mud ( Qhbm) Also contains unconsolidated, locally organic, 
plastic silt and silty clay deposited in very flat valley floors 
Basin deposits, salt-affected (Holocene) -Clay to very fine silty- 

clay deposits similar to Qhb deposits except that they contain carbonate 
nodules and iron-stained mottles (U.S. Soil Conservation Service, 1958). 

These deposits may have been formed by the interaction of bicarbonate- 
rich upland water and saline water of the San Francisco Bay estuary. With 
minor exceptions, salt-affected basin deposits are in contact with estuary' 
deposits. 

Flood-plain deposits (Holocene) -Medium- to dark-gray, dense, sandy 
to silty clay. Lenses of coarser material (silt, sand, and pebbles) may be 
locally present. Flood-plain deposits usually occur between levee deposits 
(Qhl) and basin deposits (Qhb) 

Natural levee deposits (Holocene) -Loose, moderately to well-sorted 
sandy or clayey silt grading to sandy or silty clay. These deposits are 
porous and permeable and provide conduits for transport of ground water. 

Levee deposits border stream channels, usually both banks, and slope 
away to flatter flood plains and basins. Abandoned levee systems, no 
longer bordering stream channels, have also been mapped 
Younger alluvial fan deposits (Holocene) -Brown, poorly sorted, 
dense, sandy or gravelly clay. May represent the modem loci of 
deposition for Qhaf , although small fans at mountain fronts may have a 
debris-flow origin 

Alluvial fan and fluvial deposits (Holocene) -Alluvial fan deposits 

are brown or tan, medium-dense to dense, gravelly sand or sandy gravel 
that generally grades upward to sandy or silty clay. Near the distal fan 
edges, the fluvial deposits are typically brown, never reddish, medium- 
dense sand that fines upward to sandy or silty clay 
Younger (inner) alluvial fan deposits (Holocene) -Unconsolidated 

fine- to coarse-grained sand, silt, and gravel, coarser grained at heads of 
fans and in narrow canyons 

Younger (outer) alluvial fan deposits (Holocene) -Unconsolidated 
fine sand, silt, and clayey silt 

Colluvium (Holocene) —Loose to firm, friable, unsorted sand, silt, clay, 
gravel, rock debris, and organic material in varying proportions 

Sand dune and beach deposits (Holocene) -Predominantly loose, 

medium- to coarse-grained, well-sorted sand but also includes pebbles, 
cobbles, and silt. Thickness less than 6 m in most places, but in other 
places may exceed 30 m 

Alluvium (Holocene) -Unconsolidated gravel, sand, silt, and clay along 
streams. Less than a few meters thick in most places 

Landslide deposits (Holocene andlor Pleistocene) -Poorly sorted 

clay, silt, sand, and gravel. Only a few very large landslides have been 
mapped. For a more complete map of landslide deposits, see Nilsen and 
others (1979) 

Alluvial fan and fluvial deposits (Pleistocene) -Brown, dense, 

gravelly and clayey sand or clayey gravel that fines upward to sandy clay. 

These deposits display variable sorting and are located along most stream 
channels in the county. All unit Qpaf deposits can be related to modern 
stream courses. They are distinguished from younger alluvial fans and 
fluvial deposits by higher topographic position, greater degree of 
dissection, and stronger soil profile development. They are less 
penneable than Holocene deposits, and locally contain fresh-water 
mollusks and extinct late Pleistocene vertebrate fossils. They are overlain 
by Holocene deposits on lower parts of the alluvial plain, and incised by- 
channels that are partly filled with Holocene alluvium on higher parts of 
the alluvial plain. Maximum thickness is unknown but at least 50 m 
Alluvial terrace deposits (Pleistocene) -Deposits consist of 

crudely - bedded, clast-supported, gravel, cobbles, and boulders with a 
sandy matrix. Clasts are as much as 35 cm in intermediate diameter. 

Coarse sand lenses may be locally present. Pleistocene terrace deposits 
are cut into Pleistocene alluvial fan deposits ( Qpaf) a few meters and are 
as much as several meters above Holocene deposits 
Older alluvial fan deposits (Pleistocene) -Brown, dense, gravelly 

and clayey sand or clayey gravel that fines upward to sandy clay. These 
deposits display various sorting qualities. All Qpoaf deposits can be 
related to modern stream courses. They are distinguished from younger 
alluvial fans and fluvial deposits by higher topographic position, greater 
degree of dissection, and stronger profile development. They are less 
permeable than younger deposits, and locally contain fresh-water 
mollusks and extinct Pleistocene vertebrate fossils 
Coarse-grained older alluvial fan and stream terrace deposits 
(Pleistocene) -Poorly consolidated gravel, sand, and silt, coarser 
grained at heads of old fans and in narrow canyons 
Marine terrace deposits (Pleistocene) -Poorly consolidated and 

poorly indurated well to poorly sorted sand and gravel. Thickness variable 
but probably less than 30 m 

Santa Clara Formation (lower Pleistocene and upper Pliocene) - 

Gray to red-brown poorly indurated conglomerate, sandstone, and 
mudstone in irregular and lenticular beds. Conglomerate consists mainly 
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Santa Margarita Sandstone (upper Miocene) -Light-gray to grayish- 
orange to white, friable, very fine to very coarse grained arkosic 
sandstone. Fine-grained sandstone commonly contains glauconite. A 
quartz and feldspar pebble conglomerate crops out locally at the base of 
section. Santa Margarita Sandstone is as thick as 60 m 
Unnamed marine sandstone and shale (upper Miocene) -Light- 
gray, grayish-orange, and white, soft, friable, very fine to medium¬ 
grained, well-sorted, poorly cemented quartzose sandstone with minor 
interbeds of siliceous mudstone and semi-siliceous shale. Contains late 
Miocene, shallow-water marine fossils (Sorg and McLaughlin, 1975) 
Ladera Sandstone (upper(?) and middle Miocene) -Medium- to 
light-gray to yellowish-gray and buff, fine-grained, poorly cemented 
sandstone and siltstone, with minor amounts of coarse-grained sandstone, 
yellow-brown dolomitic claystone, and white to light-gray porcelaneous 
shale and porcelanite. Fine-grained sandstone and siltstone comprise 
more than 90 percent of formation. Coarse-grained sandstone crops out in 
beds less than a few meters thick in lower half of section; dolomitic 
claystone and porcelaneous shale beds are less than a meter thick and 
outcrop through the upper half of the section; porcelanite crops out in 
thin-bedded lenses less than a few meters thick in the lower part of the 
section. At and near base of Ladera Sandstone are medium to thick 
lenticular beds of well-cemented, fossiliferous, chert-granule sandstone 
which interfingers with fine-grained sandstone. About 450 m thick 
Monterey Formation (middle Miocene) -Grayish-brown and 

brownish-black to very pale orange and white, porcelaneous shale with 
chert, porcelaneous mudstone, impure diatomite, calcareous claystone, and 
with small amounts of siltstone and sandstone near base. Monterey is 
generally thinner bedded than the Santa Cruz Mudstone but closely 
resembles parts of Purisima Formation, especially Pomponio Mudstone 
Member. Thickness ranges from 120 to more than 600 m 
Lompico Sandstone (middle Miocene) -Very pale orange, fine- to 
coarse-grained, mostly well cemented and hard arkosic sandstone. 

Maximum thickness about 300 m 

Page Mill Basalt (middle Miocene) -Interlayered, columnar-jointed 

basaltic flows and agglomerate. Flows are dark greenish gray to light 
gray, dense to vesicular, and finely crystalline; agglomerate is light gray 
to reddish brown. Volcanic rocks are pyritiferous in part. Ranges in 
thickness from 0 to 15 m. The Page Mill Basalt has yielded a K/Ar age of 
14.8 ± 2.4 Ma (Turner, 1970; recalculated by Fox and others, 1985) 
Unnamed Sedimentary and Volcanic Rocks (Miocene and 

Oligocene)- Mainly dark-gray, hard mudstone in Aflo Nuevo area and 
thick-bedded, coarse-grained and pebbly, crossbedded. hard sandstone in 
Pescadero Point area. Mapped as Vaqueros(?) Formation by Hall and others 
(1959), but rocks do not resemble those of Vaqueros Sandstone in Santa 
Cruz Mountains. Includes andesite breccia. Intrusive rocks associated 
with the andesite have yielded a K/Ar age of 22.0 ±0.7 Ma (Taylor, 

1990). Contains foraminifers and mollusks of Zemorrian (Oligocene) and 
Saucesian (Miocene) age according to Clark and Brabb (1978). About 135 
m thick near Pescadero Point and at least 85 m thick near Ano Nuevo 
Lambert Shale and San Lorenzo Formation, undivided (lower 
Miocene, Oligocene, and middle and upper Eocene) -Brown 
and dark-gray to gray, brown, and red mudstone, siltstone, and shale. 
Includes some beds of fine- to coarse-grained sandstone. Lambert Shale is 
generally more siliceous than San Lorenzo Formation, but the two units 
cannot be distinguished where out of stratigraphic sequence and without 
fossils 

Lambert Shale flower Miocene and Oligocene) -Dark-gray to 

pinkish-brown, moderately well cemented mudstone, siltstone. and 
claystone. Chert crops out in a few places in upper part of section, and 
sandstone bodies as much as 30 m thick, glauconitic sandstone beds, and 
microcrystalline dolomite are present in places. Lambert Shale is 
generally more siliceous than San Lorenzo Formation and less siliceous 
than the Monterey Shale. It resembles Santa Cruz Mudstone and parts of 
Purisima Formation. Lambert Shale is about 1,460 m thick 
Mindego Basalt and related volcanic rocks (Miocene andlor 

Oligocene) -Basaltic volcanic rocks, both extrusive and intrusive. 

Extrusive rock is primarily dark-gray to orange-brown to greenish-gray 
flow breccia, but includes lesser amounts of tuff, pillow lavas, and flows. 
Extrusive rocks have a maximum thickness of 120 m. Intrusive rock is 
dark greenish gray to orange brown and medium to coarsely crystalline. It 
commonly weathers spheroidally, and crops out as roughly tabular bodies 
as much as 180 m thick intruding older sedimentary rocks. Minor amounts 
of sandstone and mudstone are locally included. The Mindego Basalt has 
yielded a K/Ar minimum age of 20.2 ±1.2 Ma (Turner, 1970; 
recalculated by Fox and others, 1985) 

Vaqueros Sandstone flower Miocene and Oligocene) -Light-gray 

to buff, fine- to medium-grained, locally coarse-grained, arkosic sandstone 
interbedded with olive- and dark-gray to red and brown mudstone and shale. 
Sandstone beds are commonly from 0.3 to 3 m thick and mudstone and 
shale beds are as much as 3 m thick. Vaqueros varies from a few meters to 
as much as 700 m in thickness 

Zayante Sandstone (Oligocene) -Thick- to very thick bedded. 

yellowish-orange arkosic non-marine sandstone containing thin interbeds 
of greenish and reddish siltstone and lenses and thick interbeds of pebble 
and cobble conglomerate. Thickness 550 m along Lompico Creek. 

San Lorenzo Formation (Oligocene and upper and middle 

Eocene) -Dark-gray to red and brown shale, mudstone, and siltstone with 
local interbeds of sandstone. About 550 m thick. Locally divided into: 

Rices Mudstone Member (Oligocene and upper Eocene) -Olive- 
gray to red and brown unbedded mudstone and siltstone with some 
laminated shale. Spheroidal weathering is common, as are elongate 
carbonate concretions. About 300 m thick 
Twobar Shale Member (upper and middle Eocene) -Olive-gray to red 
and brown laminated shale with some mudstone. Includes a few thin 
interbeds of very fine grained sandstone which thicken to as much as 30 m 
near Big Basin. About 240 m thick 
Butano Sandstone (middle and lower Eocene) -Light-gray to buff, 

very fine to very coarse grained arkosic sandstone in thin to very thick 
beds interbedded with dark-gray to brown mudstone and shale. 
Conglomerate, containing boulders of granitic and metamorphic rocks and 
well-rounded cobbles and pebbles of quartzite and porphyry, is present 
locally in lower part of section. Amount of mudstone and shale varies 
from 10 to 40 percent of volume of formation. About 3,000 m thick 
Upper sandstone member -Thin-bedded to very thick bedded medium- 
gray, fine- to medium-grained arkosic sandstone containing thin interbeds 
of medium-gray siltstone. Thickness about 215 m 
Middle siltstone member- thin- to medium-bedded, nodular, olive-gray 
pyritic siltstone. Thickness about 215 m 
Lower conglomerate and sandstone member -Thick to very thick 
interbeds of sandy pebble conglomerate and very thick bedded to massive, 
yellowish-gray, granular, medium- to coarse-grained arkosic sandstone. 
Thickness as much as 1,500 m 

Conglomerate-Thick to very thick interbeds of sandy pebble conglomerate 
mapped locally in the lower member 
Shale in Butano Sandstone flower Eocene) -Greenish-gray, light- 
gray, red, and reddish-brown clay shale, mudstone, siltstone, and a few 
thin interbeds of light-gray sandstone. Exposed near the head of Corte 
Madera Creek. Total thickness is unknown, but at least 200 m of this 
material is exposed 

Whiskey Hill Formation (middle and lower Eocene) -Light-gray to 
buff, coarse-grained arkosic sandstone, with light-gray to buff silty 
claystone, glauconitic sandstone, and tuffaceous siltstone. Sandstone 
beds constitute about 30 percent of map unit. Tuffaceous and silty 
claystone beds are expansive. Locally, sandstone beds are well cemented 
with calcite. At apparent base of section on north side of Jasper Ridge, 
just east of Searsville Lake, a thin greenstone-pebble conglomerate is 
present. In places within this map unit, sandstone and clavstone beds are 
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Unnamed volcanic rocks (Cretaceous or older) -Dark-gray, dense, 

finely-crystalline felsic volcanic rock, with quartz and albite phenocrysts. 
Exposed only west of Pescadero. Thickness unknown 
Franciscan Complex, undivided (Cretaceous and Jurassic) - 

Mostly graywacke and shale ( fs). May be variably sheared. Partly coeval 
with Pigeon Point Formation ( Kpp I, granitic rocks of Montara Mountain 
(Kgr) and Ben Lomond Mountain ( Kqd), unnamed shale 
(Ksh). Conglomerate of strata of Anchor Bay ( Ka), 
unnamed sandstone and shale ( Ks). and unnamed volcanic rocks 
(KJv). Locally divided into: 

Sandstone-Grccnish-gray to buff, fine- to coarse-grained sandstone 
(graywacke), with interbedded siltstone and shale. Siltstone and shale 
interbeds constitute less than 20 percent of unit, but in places form 
sequences as much as several tens of meters thick. In many places, 
shearing has obscured bedding relations; rock in which shale has been 
sheared to gouge constitutes about 10 percent of unit. Gouge is 
concentrated in zones that are commonly less than 30 m wide but in places 
may be as much as 150 m wide. Total thickness of unit is unknown but is 
probably at least many hundreds of meters 
Greenstone-Dark-green to red, altered basaltic rocks, including flows, 
pillow lavas, breccias, tuff breccias, tuffs, and minor related intrusive 
rocks, in unknown proportions. Unit includes some Franciscan chert and 
limestone bodies that are too small to show on map. Greenstone crops out 
in lenticular bodies varying in thickness from a few meters to many 
hundreds of meters 

Chert— White, green, red, and orange chert, in places interbedded with reddish- 
brown shale. Chert and shale commonly are rhythmically banded in thin 
layers, but chert also crops out in very thick layers. In San Carlos, chert 
has been altered along faults to tan- to buff-colored clay. Chert and shale 
crop out in lenticular bodies as much as 75 m thick; chert bodies are 
commonly associated with Franciscan greenstone 
Limestone- Light-gray, finely to coarsely crystalline limestone. In places 
limestone is unbedded, in other places it is distinctly bedded between beds 
of black chert. Limestone crops out in lenticular bodies as much as 120 m 
thick, in most places surrounded by Franciscan greenstone 
Metamorphic rocks— Dusky-blue to brownish-gray blocks of metamorphic 
rock, commonly glaucophane schist, but some quartz-mica granulite. 

These rocks are finely to coarsely crystalline and commonly foliated. 

They almost always crop out as tectonic inclusions in sheared Franciscan rocks 
(fsr) and serpentinite ( sp). and they reach maximum 

dimensions of several tens of meters though many are too small to show on map 
Argillite-Dark-gray to grayish-black argillite and shale with minor beds of 
sandstone 

Sheared rock (melange) -Predominantly graywacke. siltstone, and shale, 
substantial portions of which have been sheared, but includes hard blocks 
of all other Franciscan rock types. Total thickness of unit is unknown, but 
is probably at least several tens of meters 
Serpentinite (Cretaceous andlor Jurassic) -Greenish-gray to bluish- 
green sheared serpentinite, enclosing variably abundant blocks of 
unsheared rock. Blocks are commonly less than 3 m in diameter, but range 
in size from several centimeters to several meters; they consist of 
greenish-black serpentinite. schist, rodingite, ultramafic rock, and silica- 
carbonate rock, nearly all of which are too small to be shown on the map 
Siliceous volcanic rocks and keratophyre (Jurassic?) -Highly 

altered intermediate and silicic volcanic and hypabyssal rocks. Feldspars 
are almost all replaced by albite. Recent biostratigraphic and isotopic 
analyses yielded a Jurassic age for similar rocks in Alameda and Contra 
Costa Counties (Jones and Curtis, 1991) 

Gabbro (Jurassic?)-Light greenish-gray, dark-gray weathering, mafic 

intrusive rock, mostly gabbro but also includes some diabase locally. The 
age of this unit is unknown, but the unit is probably part of the Jurassic 
Coast Range Ophiolite 
Diabase and gabbro (Jurassic?) 

Gneissic granodiorite (Mesozoic or Paleozoic) -Strongly foliated, 
black and white gneiss. Foliation due to alignment of lenses of dark 
minerals in a light-colored matrix 

Metasedimentary rocks (Mesozoic or Paleozoic) -Mainly pelitic 
schist and quartzite 

Marble (Mesozoic or Paleozoic) - White to gray finely crystalline 
marble and graphitic marble, in places distinctly bedded, in places 
foliated. Near Montara Mountain, this unit also includes quartz-mica 
homfels and crops out as rare isolated bodies as much as 75 m long in 
granitic rocks. Near Ben Lomond Mountain, the unit locally includes 
schist and calc-silicate rocks 


MAP SYMBOLS 

Contact-Depositional or intrusive contact, dashed 
where approximately located, dotted wfiere 
concealed 

Fault— Dashed where approximately located, small 
dashes where inferred, dotted where concealed, 
queried where location is uncertain. 

Reverse or thrust fault— Dashed where approximately 
located, dotted where concealed 

Anticline -Show s fold axis, dotted where concealed 

Syncline 

Strike and dip of bedding 

Overturned bedding 

Horizontal bedding 

Vertical bedding 

Strike and dip of foliation 

Vertical foliation 
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Figure 3-13 
Cross Section A-A' 
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Figure 3-14 
Cross Section B-B' 

















































































c 

NW 


C' 

SE 


700 


600 


500 


400 


300 


200 


Q 

I 

Q 


LU 

I 

LU 


o 

I 

O 


X 

I 

X 





CO 

CO 

CO 

DO 

DO 

CD 

O 

O 

o 

O 

o 

o 

CO 

CO 

CO 

'o 

'o 

o 

c 

c 

c 

CO 

CO 

CO 

LL 

LL 

LL 

c 

c 

c 

CO 

CO 

CO 

CO 

CO 

CO 


0 

£ 

o 

o 


—-100 


—-200 


—-300 


-400 


-500 



700 


600 


500 


400 


300 


200 


100 


-600 


-700 


-800 


-900 


- 1,200 


5,000 


10,000 


15,000 


1 f 

20,000 25,000 


30,000 35,000 40,000 45,000 

Distance Along Section Line, feet 


50,000 


55,000 


60,000 


65,000 


70,000 


75,000 


G) 

CM 

Q 
> 
(3 


CD 

a 

c 

o 

'-t—' 

03 

> 

0 

LU 


- 1,000 


- 1,100 


- 1,200 



Legend 

-- Short Normal 

Geophysical Log 

. Well Screen 

- Total Drilled Depth 

-- Fault 

] Sand and Gravel 

□ Silt and Clay 

□ 


QTsc - Santa Clara 
Formation 


□ 


Had - Ladera Sandstone 
Formation 

Tm - Monterey 
Formation 

Tpm - Page Mill Basalt 
Formation 


-j Tw - Whiskey Hill 


CD 


Formation 
fg -Greenstone 
Undifferentiated Bedrock 

Water 

No Information 


Notes: 

Cross section only extended to 
depth of available information. 

NGVD 29: National Geodetic 
Vertical Datum of 1929. 


0 


3,500 


7,000 


Scale in Feet 

30 x Vertical Exaggeration 


Figure 3-15 
Cross Section C-C' 
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Figure 3-16 
Cross Section D-D' 
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Figure 3-17 
Cross Section E-E' 
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Figure 3-18 
Cross Section F-F' 
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Figure 3-19 
Cross Section G-G' 
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Figure 3-20 
Cross Section H-H' 
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Figure 3-21 
Cross Section l-l' 
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Figure 3-22 
Cross Section J-J' 
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Figure 3-23 
Aquifer Hydraulic 
Conductivities 
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Figure 3-24 
Aquifer 
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Figure 3-25 
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Figure 3-26 
Fall 2016 
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Elevation Contours 
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Figure 3-27 
Spring 2017 
Shallow Groundwater 
Elevation Contours 
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Figure 3-28 
Spring 2017 
Deep Groundwater 
Elevation Contours 
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Figure 3-29 
Map of Well Locations 
With Hydrographs 
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Figure 3-31 

April 1962 Deep 
Groundwater 

Elevation Contours 
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Figure 3-36 
Historical (1934-1967) 
Subsidence 
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Figure 3-40 
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Pumping in 2016 
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Figure 3-45 
Contemporary 
Water Balance 
Block Diagram 
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Figure 3-54 
Manganese in 
Deep Groundwater 
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Figure 4-2b 
Modeled 
Injection Well Locations 
for Scenario 2 
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Figure 4-2c 
Modeled 
Injection Well Locations 
for Scenario 4 
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Figure 4-4 
Cross Sections 
Showing Model Layer 
Elevations 
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Figure 4-6a 
Water-Level 
Hydrographs 
at Calibration Wells 
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Figure 4-6b 
Water-Level 
Hydrographs 
at Calibration Wells 
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Figure 4-6c 
Water-Level 
Hydrographs 
at Calibration Wells 
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Figure 4-6d 
Water-Level 
Hydrographs 
at Calibration Wells 
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Figure 4-6e 
Water-Level 
Hydrographs 
at Calibration Wells 
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Figure 4-6f 
Water-Level 
Hydrographs 
at Calibration Wells 
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Figure 4-6g 
Water-Level 
Hydrographs 
at Calibration Wells 
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-Figure 4-7- 

Scatterplot of 
Simulated versus 
Measured Water Levels 
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Figure 4-8 

Hypothetical Drought 
Water-Level Scenarios 
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Figure 4-9a 
Hydrographs of 
Simulated Water Levels 
for Scenario 1 
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Figure 4-9b 
Hydrographs of 
Simulated Water Levels 
for Scenario 2 
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Figure 4-9c 
Hydrographs of 
Simulated Water Levels 
for Scenario 3 
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Figure 4-9d 
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Hydrographs of 
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for Scenario 4 
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Figure 4-9e 
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Hydrographs of 
Simulated Water Levels 
for Scenario 5 
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Figure 4-1 Od 

Simulated Water Levels 
Hudrologic Year 1992 
Scenario 3 
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Figure 4-1 Of 
Simulated Water Levels 
Hydrologic Year 1992 
Scenario 5 
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Figure 4-1 la 

Simulated Depth to Water 
Hydrologic Year 1992 
Future Baseline 
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Figure 4-11c 

Simulated Depth to Water 
Hydrologic Year 1992 
Scenario 2 
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Figure 4-1 Id 

Simulated Depth to Water 
Hydrologic Year 1992 
Scenario 3 
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Figure 4-11e 

Simulated Depth to Water 
Hydrologic Year 1992 
Scenario 4 
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Figure 4-1 If 

Simulated Depth to Water 
Hydrologic Year 1992 
Scenario 5 
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Figure 4-12a 
San Francisquito 
Flow Depletion 
under Scenario 1 and 2 
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Figure 4-12b 
San Francisquito 
Flow Depletion 
under Scenario 3 and 4 
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Figure 4-12c 
San Francisquito 
Flow Depletion 
under Scenario 5 
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Figure 4-13 

Simulated Movement of 
Particles Releases at IPR 
. h/V el ls under Scenario4 









































Third Party GIS Disclaimer: This map is for reference and graphical purposes only and should not be relied upon by third parties for any legal decisions. 
Any reliance upon the map or data contained herein shall be at the users’ sole risk. 
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Appendix A - Pumping Test Analysis 




Appendix A 
Pumping Test Analyses 
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WELL 4R PUMPING/RECOVERY 

DataSet: T:\Proiects\PaloAlto IPR-79001 \Dataand Docs\Stanford\4RPumping Recovery.aqt 
Date: 07/24/17 Time: 15:48:41 


PROJECT INFORMATION 


Company: Todd Groundwater 
Client: City of Palo Alto 
Project: 79001 
Location: Stanford 
Test Well: Stanford 4R 
Test Date: Oct 2011 


WELL DATA 


Pum 

ping Wells 

Well Name 

X (ft) 

Y (ft) 

Well 4R 

6072524 

1984191 


Observation Wells 


Well Name 

X (ft) 

Y (ft) 

□ Well 4R 

6072524 

1984191 


SOLUTION 

Aquifer Model: Confined 
T = 1.637E+4 ft 2 /day 
Kz/Kr = 0.1 


Solution Method: Theis 

S = 0.04532 

b = 700. ft 














































WELL TEST ANALYSIS 

Data Set: T:\Proiects\PaloAlto IPR- 79001 \Data and Docs\Stanford\4R with 2 observation wells.aqt 
Date: 07/24/17 Time: 15:52:01 


PROJECT INFORMATION 


Company: Todd Groundwater 
Client: City of Palo Alto 
Project: 79001 
Location: Stanford 
Test Well: Stanford 4R 
Test Date: Oct 2011 


WELL DATA 


Pum 

ping Wells 

Well Name 

X (ft) 

Y (ft) 

4R Pumping Well 

6072524 

1984191 


Observation Wells 


Well Name 

X (ft) 

Y (ft) 

□ Well 2 ObservationWell 

6073230 

1986141 

° Observation Well 1 

6074407 

1986747 


SOLUTION 

Aquifer Model: Confined 
T = 1.324E+4 ft 2 /day 
Kz/Kr = 0.1 


Solution Method: Theis 

S = 0.0007275 

b = 700. ft 











































Radial Distance (ft) 


WELL TEST ANALYSIS 

Data Set: T:\Proiects\PaloAlto IPR- 79001 \Data and Docs\Stanford\4R with observation wells.aqt 
Date: 07/24/17 Time: 15:57:22 


PROJECT INFORMATION 


Company: Todd Groundwater 
Client: City of Palo Alto 
Project: 79001 
Location: Stanford 
Test Well: Stanford 4R 
Test Date: Oct 2011 


WELL DATA 


Pum 

ping Wells 

Well Name 

X (ft) 

Y (ft) 

4R Pumping Well 

6072524 

1984191 


Observation Wells 


Well Name 

x(ft) 

Y (ft) 

□ Well 2 ObservationWell 

6073230 

1986141 

° Observation Well 1 

6074407 

1986747 

° Observation Well El Car 

in6077711 

1988692 

□ Observation Well 5 

6080792 

1983057 


SOLUTION 

Aquifer Model: Confined 
T = 1.262E+4 ft 2 /day 
Kz/Kr = 0.1 


Solution Method: Theis 

S = 0.0006716 

b = 700. ft 











































24-HR RECOVERY 

Data Set: T:\...\24hr recovery Theis Confined solution.aqt 

Date: 07/24/17 Time: 16:21:37 


PROJECT INFORMATION 


Company: Todd Groundwater 
Client: City of Palo Alto 
Project: 79001 
Location: Palo Alto 
Test Well: El Camino Park 
Test Date: 2/14/13 


WELL DATA 


Pum 

ping Wells 

Well Name 

X (ft) 

Y (ft) 

El Camino Park 

0 

0 


Observation Wells 


Well Name 

X (ft) 

Y (ft) 

□ El Camino Park 

0 

0 


SOLUTION 

Aquifer Model: Confined 

T = 4.213E+4 ft 2 /day 
Kz/Kr = 0.1 


Solution Method: Theis 

S = 1.069 
b = 500. ft 










































